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JCOM introduces the new top-of- 
the* line IC-02A and IC-02AT to 
compliment its existing tine of 
popular handheld transceivers and 
accessories. The new direct entry 
microprocessor controlled IC-02A 
is a full-featured 2 meter handheld. 

Some of Its many features are: 

Scanning, 10 memories, duplex offset 
storage in memory, odd offsets, 32 
keyboard selectable PI tones which 
store in memory, and internal lithium 
battery backup. 

Keyboard entry through the 16 
button pad allows easy access of 
frequencies, duplex, memories, 
memory scan, priority, dial lock, PL 
tones and DTMF in the IC-02AT. 

An easy-to-read custom LCD 
readout indicates frequency, 
memory channel, signal strength 
and transmitter output, PL tone, and 
scanning functions. 

The new IC-02A has a battery 
lock, frequency lock, and lamp 

on/off switch. An 
aluminum case 
back 

— provided 


for superior heat sinking when the 
\C-Q2A is run at the standard 3 watt 
level or 5 watts (optional battefy 
pack). 

A variety of bailor I ob will be 
available for the IC-02A including 
new long-life 8.4 volt and 13,2 volt 
packs. Charging may be done from 
a top panel connector for 13,8 volts 
which wilt also power transceiver 
operation. 


I COM's (C-2A(T) continues to be 
available, and its complete line 
of accessories work with the 
new IC-02A. 
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The I002A comes standard with BP3 NiCd 


battery pack, BC25U wail charger, flexible 


antenna, wrist strap and belt clip 
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The World System 


ICOM Arnerica Inc, 2112-116ltiAveNE, Qellewe.WA 98004 (206 *54-6155 / 3331 Toweiwood Drive. Sure 307. Deltas. TX 75234 (214)620-2760 
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DX champion! 
3CX800A7. 


new 


2Va inches (6.35 cm) high. Cool¬ 
ing requirements are modest 
and a matching socket, air 
chimney and anode clamp are 
available. 

A data sheet and more informa¬ 
tion is available from Varian 
EIMAC. Or the nearest Electron 
Device Group sales office. Call 
or write today. 

Varian EIMAC 
301 Industrial Way 
San Carlos, California 94270 
Telephone: 415*592-1221 


Varian EIMAC continues to com¬ 
mit its development of reliable 
tubes for HAM radio. 

The new, rugged 3CX800A7 
power triode provides 2 kW PEP 
input for voice service or 1 kW 
cw rating up to 30 MHz. Two 
tubes will meet the new, higher 
power ratings authorized by the 
FCC. 

Designed for today’s low profile, 
compact linear amplifiers, the 
3CX800A7 powerhouse is only 
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TS-930S 

“DX-traordinary"... 
superior dynamic range, 
auto, antenna tuner, 

QSK, dual NB, 2 VFO’s, 
general coverage receiver 

A superlative* high-performance, 
all solid-state HF transceiver* 
that covers all Amateur HF 
bands* and incorporates a 150 
kHz to 30 MHz general coverage 
receiver having an excellent 
dynamic range* 

T3-930S FEATURES' 

* 1G0 10 Meiers, with 150 kHz 30 
■ IJ 1/ ge i ir imI t overage receiver 
Covers ill Afimlrur froqlientit's, 
plus WARC, on SSB. CW. FSK* 
and AM, III- conversion digital 
PLL circuit. 

* Excellent receiver dynamic 
range Typical two tone dynamic 
range. 100 dB (20 meters, 50 kllz 
spacing* 500 11/ CW bandwidth). 

* All solid slate 28 volt operated 
final amplifier. Lowest IM distor¬ 
tion, Power input 25n w on 


SSB/CW/F5K* 80 W on AM 
SWR/ Power meter. 

* Available with AT 1)30 automatic 
antenna tuner built in, or as an 
option, i us ers 80 10 meters, 
including WARC bands, 

* CW full break in. CMOS logic 1C. 
plus reed relay Switchable to 
set ill break-in 

* Dual digital VFO’s. 10 Hz steps. 
Includes hand Information 

« Eight memory channels. Stores 
frequency and band data. 
Internal battery memory bar k 
up* cst. 1 yr. Me* [Battery not 
Kenwood supplied.) 

* Dual mode noise blanker* NB I. 
with threshold control, lor 
"pulse* tmlsr NB 2 for 
“woodpecker? 


* SSB IF slope tuning, allows 
independent adjustment oi Lhi* 
low a 11 d/<>r hIgli frequrncy 
slopes of the IF pussbamh 

* CW VBT mid pitch control VBT 
tunes out interfering signals, i W 
pitch control shifts ft pass-band 
and beat frequency* “Narrow 
Wide" filter switch. 

* Tuneable, peak type audio 
filler for CW, 

* At power supply built in, 

* Fluoresced I tube digital display 
(100 Hz resolution* modifiable to 
10 Hz) wilt i digitalized sub-scale* 
In 20 kt Iz steps. 

* RF speech processor. 

* One year limited warranty. 


Optional Accessories: 

* AT 930 Auto, antenna tuner. 

* SP 930 External speaker with 

selectable audio [liters. 

* YG 455C-I (500 Hz) or 

YG 455CN 1 1250 llzl plug in 
CW filters for 455 kHz IF. 

* YK-88C4 (500 Hzl CW plug In 
filter for 8.83 MHz IF 

* YK 88A 1 [6 kHz) AM plug In 
filler for 8.83 MHz IF* 

* SO I commercial grade TCXO, 

* MC 42S UP/DOWN hand mie. 

* MC 60A deluxe desk mlc. 

* MC 80 desk top UP DOWN nilc, 

* MC’ 85 mufti function desk mie. 


TS-430S 

“Digital DX-terity”... 
General coverage, 
Superior dynamic range, 
2 VFO’s, 8 memories, 
Scan, Notch,COMPACT! 

Combines compact styling with 
stste-of thc-art circuit design 
and performance, 

TS-430S FEATURES: 

* 100 10 meters, with 150 kHz 30 
MHz genera t coverage receiver, 

< overs ill Amateur frequencies, 
plus WARC, UP rtinversion 
digit. 1 1 I ’LL circuit. 

* USB* LSB, CW* AM* and 
FM (opttunaI) all mode 

* Onmpat 1 lightweight design. 

Onlv 10 5 8 12701 W' X 3 3 1 1961 
I I x 10 7 8 12751 I>, Inches (mini, 
only 11-3 Ihs Ki.fi kg I 

* Superior receiver dynumlt range 
with Dyna Mix high sensitivity 
direc t mixing system 



10 Mz step dual digital VFOs, 
Operate independently. Include 
hand ami mode information 
Dial torque adjustable Step 
switch lur 10 Hz or 100 Hz steps 
A-B switch shtfis “B" VFO to 
"A" VFO frequency and mode, or 
vic e versa VFO LOCK switch* 

KIT for VFO or memory* UP/ 
DOWN manual scan wiih 
optional UP DOWN microphone. 

Eight memories store frequency, 
inode* and band data 8!h 
menmry stores UN IX fre¬ 
quencies independently. 

Lithium tannery memory backup 
(Est, 5 yr. life.) 

Men lory Scan. 

Programmable automatic hand 


* IF shift circuit for minimum QRM 

* Tuneable' nntt h Idler ha Hr in 

* Narrow wale filter selectmu on 
SSB and CW [filter optional), 

■ Speech processor, bulk In. 

*AI) solid state. Input rated 250 W 
PEP on SSB. 200 W DC on CW. 
120 V\ on FM (optional), 00 W on 
AM Operates on 12 VDC or on 
120 VA( , or 220. 240 VAC with 
optional PS 430 AC power 
supply* 

* Fluorescent tube digital display 
indicates frequency to 100 11/ 

110 Hz modifiable). 

* All mode squelch circuit. buili in 

* Bulk in noise blanker 

* RF a Hernia ten (20 dBI. 

* VOX circuit, plus send break In 
with side tone 


Optional accessories; 

* PS-430, PS-30 or KFS-21 
At power supplies. 

* SP 430 external speaker. 

* MB 430 mobile mounting 
bracket 

* AT 250 automatic antenna 
tuner, 160-10 in. Inc! WAKC, 

* A I I JO c ompact antenna tuner, 
8040 m. tncl. WARC, 

* FM 430 FM unit. 

* YK 8SC (500 Hz) or VK S8CN 
(270 Hz) CW filters. 

* YK-88SN II.ft kHz I SSB filter* 

* YK B8A (6 kHz] AM filler. 

* MC 42S UP/DOWN hand mlc. 

* MC-55 |8PJ mobile mic, 

* MC 60A deluxe desk into. 

* MC HO desk top UP/DOWN mlc. 

* MC 85 multi function desk rule. 


scan width. 
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/ enjoy operating because it's relaxing (sometimes), informative 
("Roger, you're 5 and9 — NEXT!"), and a good way to meet inter¬ 
esting people (that's true). It gives me an opportunity to try out new 
antenna designs, test my understanding of propagation, and, in gen¬ 
eral, stay more or less informed about what's happening. However, 
in the process I've noticed a trend worth examining — particularly 
by those who are part of it. / call it: 

INSTANT PUDDING 

Recently I've found myself reduced to mumbling into my beard about such-and-such practice by this- 
or-that individual. It appears that technically, at least, Amateur Radio has come of age, with instant power-on, 
QSY, tune-up, and antenna matching. We have the latest fully-synthesized, all-mode transceivers, full break- 
in amplifiers, and motor driven crank-up towers. With even half an effort we can work DXCC in a couple 
of weeks (or even on a weekend, during a contest). But in the process, something's been left behind. 
Call it courtesy, experience, operating skill, or just plain consideration for our fellow hams. Let me give 
you a few examples of what I'm talking about. 

WD22XYZ calls CQ, is answered by a DX station, completes the contact, and stands by for any other 
DX calls on his frequency. Without a moment's hesitation, KD11PQC jumps in with kilowatts a-glowing 
and calls the DX station. When I was a novitiate to the hobby I learned fast that this is simply not done; 
unless WD22XYZ relinquishes the frequency, it's still his. 

Another pet peeve of mine, heard more times than I care to recall, occurs when a DX station calls a 
directional CQ: "CQ, CQ, CQ, listening for Wl's only!" The ensuing cacophony of calls includes all areas, 
states, and cities (with only slight exaggeration on my part). Of course, the DX station can control the 
situation if he continues to request the particular call area and refuses to give in by answering that loud 
W12 — maybe. 

Signal quality reporting is another troublesome area. God help the operator who informs another that 
his signal leaves a little bit to be desired; for example, 20 kHz wide on glorious SSB. I made the mistake 
of telling another ham the other day that he was transmitting on two different frequencies simultaneously. 
His immediate reaction was, "That's impossible! It's probably your receiver that's overloading." I hastened 
to add that both of his signals were quite "clean"; it's just that he had two VFO's going at the same time. 
In all fairness to him, it turned out to have been the other operator in the QSO who was at fault. Fellas 

— I think most criticism is meant to be constructive. (Anyhow, whatever happened to pride in one's 
signal/station?) 

How many times have you heard, "Roger, roger, roger, you're 5-9 plus. But will you please repeat your 
call and name and my report?" Please note that Q5 means "perfect copy" and S9, by IARU convention, 
is 50 microvolts RMS (in a 50 ohm system). By the way, it might be very useful to everyone if you knew 
what your Brand X receiver S9 was equivalent to. It might make the signal reports a little more meaningful 
when testing antennas or evaluating the performance of one's station over another's. 

Full-power tune-up into the antenna seems to be occurring more and more often these days, usually 
when you're trying to pull that weak one out. If you must tune up on frequency (I won't mention dummy 
loads), listen first, wait,,listen again to make sure that it's a clear frequency and then give a short request 
to see whether the frequency is in use. If it isn't, go ahead. Propagation being what it is, it's quite possible 
to believe that a frequency's clear when it's really quite occupied. If you have to apply full power to your 
antenna, load up when the band is truly dead: high noon on 160 meters, 4 A.M. on 10 meters. (I know 

— 160 and 10 meter operators will insist the bands are never dead.) 

Communicasting is the term I use to identify operation by an individual who wants others to think he's 
communicating, even though he's really only broadcasting his highly opinionated, usually insulting, narrow¬ 
minded point of view. This practice has reared its ugly head more and more often on the lower bands 
recently — all in the name of exercising the right to free speech. With all due respect to rights, isn't use 
of the frequency spectrum — a precious, limited resource — a privilege ? (If you have something to say, 
and you want other Amateurs to hear it, write a letter to ham radio. If space permits, we'll print it.) 

To paraphrase a recent television ad describing the reasons for a stock brokerage's success, courteous 
operation is just "good old-fashioned work." In our case, if we were to stop expecting instant pudding 

— i.e., immediate gratification — and instead were more willing to hang in there, learn by example, develop 
expertise and the kind of operating skills that can only be acquired over a period of time, I, for one, would 
be a lot happier. 


6 [SB February 1984 


Rich Rosen, K2RR 
editor-in-chief 





MFJ RTTY / ASCII / AMTOR / CW 



RTTY/ACSII/AMTOR/CW 

INTERFACE - 

CARTRIDGE 

FOR 

VIC 20/C-64 

MhI v*rutili RTTY/ M c i 

ASCU/AMTOH/CW Inter- a* 

tire cartridge available for ▼ KH ™ 

VIC-20 and Commodore 

64, Gives you more features, more performance, 
more value for your money than any other Interface 
cartridge available 

Same Interlace cartridge works for both VIC-20 and 
Commodore 64 Plugs Into user's port 
Choose from wide variety of RTTV/ASCII/CW, 
even AMTOR software. You are not married to one 
on-board software package. Use MFJ. Kantronics, 
AEA plus most other software cartridge, tape or disk. 
850 Hz end 170 Hi shifts on receive and transmit, 
Hat mirk end apace output! lor scope tuning. 
Normal/Reverse twitch eliminates retuning 
True dual channel mark and spate active ffftart and 
automatic threshold correction gives good copy when 
one tone is obliterated by QRM or selective fading. 
Eaty. positive tuning with twin LED Indicators. 
Narrow 800 Hi active CW filter. Automatic PTT 
Exit 2206 sine generator for AFSK output, 
Shielded XCVfi AFSK/PTT Interlace cable provid¬ 
ed, Plus or minus CW keyed output. FSK out. 
Powered by computer (tew mA.),no power adapter 
to buy or extra wire to dangle or pick up/radiate RFt, 
Glass epoxy PC fl. Aluminum enclosure 4 Vta4'/iXl 


GENERAL PURPOSE RTTY/ASCII/ 
AMTOR/CW COMPUTER INTERFACE 

Lett you lend and receive computerized RTTY/ASCII/AMTOR/CW. Copies 
all shifts amt all speeds. Copies on both mark and space. Sharp 8 pole active 
filter for 170 Hz shift and CW. Plugs between your rig and VIC-20, Apple, 
TRS-80C, Atari, TI-99, Commodore 64 or most other personal computers. 
Uses MFJ f Kantronics software and most other RTTY/CW software. 


MFI RTTY CW 
COMPUTER IfTTF RFACE 


MFJ Software plus MFJ interface for VIC-20/C-64 
Software cartridge none, $49.96. Order MFJ-1250 . - aa qr 

for VIC-20. MFJ-1251 for Commodore 64. * 1 1 M 

Includes table to Interface MFJ-1224 to VIC-20 or C-64. ® “ |V 


Automatic tracking copies drifting signal. 

Exar 2206 aim generator gives phase continuous 
AFSK tones Standard 2125 Hz mark and 2295/2975 
Hz space Microphone line AFSK out. AFSK ground, 
PTT out and PTT ground, 

FSK keying output Plus and minus CW keying. 
CW transmit LED External CW key Jack. 
Kintroitlcs compatible lockei. 

Excluilvfl genenI purpose socket allows interfac¬ 
ing to nearly any personal computer with most appro¬ 
priate software Available TTL lines: RTTY demod 
out. CW demod out CW4D input, +5 VDC, ground. 
Ail signal lines are buffered and can be inverted 
using an Internal DIP switch 
Uie Gilfo software with Apple. RAK with VIC-20. 
Clay Abrams with TRS-80C N4EU with TRS-B0 III. 
IV Some computers with some software may require 
some external components. 

Metal cabinet. Brushed alum, front. 8x114x6 in. 

12-15 VDC or 110 VAC with adapter. Mf J-1312,19,96. 
MFJ4223, $29.96, R5-23Z adaptor tor MFJ-1224. 


New MFJ-1224 RTTY/ASC11/AMTOR/CW Com¬ 
puter Interface lets you use your personal computer 
as a computerized full featured RTTY/ASCII/ 
AMTOR/CW station Tor sending and receiving. Plugs 
between rig and VIC-20. Apple. TRS B0C. Atari, 
TI-99, Commodore EW and most others. 

Us* MFJ fiee MFJ4230/1251 below) software for 
VIC-20. Commodore 64 and Kantronics for Apple, 
TRS-80C, Atari. TI-99 and most other software for 
RTTY/ASC N/AMT0R/CW, 

Easy* positive tuning with twin LEO indicators, 
Copy any shift (170,425,650 Hz and all other shifts) 
and any speed (5-100 WPM RTTY/CW and up to 300 
baud ASCII), 

Copies on both mark inti ipace. not mark only or 
space only, to Improve copy under adverse conditions. 

Slurp fl pole 170 Hi ahlft/CW active filler gives 
good copy under crowded, fading and weak signal 
conditions. Automatic noise limiter suppress static 
crashes lor better copy 

Normal/Reverae switch eliminates retuning, +250 
VDC loop output drives RTTY machine. Speaker jack. 


MFJ INTERFACE plus MFJ 
SOFTWARE CARTRIDGE 

tor VIC-20 or Commodore64, . A . 

MFJ-1221 PLUS MFJ-1250 * QQ 

or MFJ-1251 for one low price 


SOFTWARE CARTRIDGE FOR 

VIC-20/C-64 MFj-i?sn/MFj*i 2 Si 


Powerful MFJ software 

cartridge for VtC-20 (MFJ- 



1250, $49 95) and Commodore 64 (MFJ-1251 ,$49.95). 


Plugs Into expansion port. Developed by MFJ 
Featuret RTTY/ASC I t/CW send and receive, split 


screen display, type ahead butter, message ports, 
status display, automatic CW speed tracking, parallel 
and VIC serial printer compatibility plus much more. 


SUPER RTTY FILTER 



Super RTTY 
fitter greatly 
Improves copy under 


« 


crowded, fading and weak signal conditions improves 
any RTTY receiving system. 8 pole bandpass active 
filter for 170 Hz shift (2125/2295 Hz mark/space) 200 
or 400 Hz bandwidths. Automatic noise limiter. Audio 


in. speaker out jacks, On/off /bypass switch. "GN M 
LED 12 VDC or 110 VAC with optional AC adapter. 


MFJ-1312, S9 95 3x4x1 Inch aluminum cabinet 


CW INTERFACE CARTRIDGE 


FOR VIC-20/C-64 



* 39 95 

U Inh fUftiNlwLnpptto'iUPV r yj 

MIQ.il piVrlimlllilCli UW 

interfere cartridge. Gives 
excellent performance 


under weak, crowded, noisy 


conditions, Works for both VIC-20 and Commodore 
64, Plugs into user's port, 

4 pole 100 Hi bandwidth active fitter, 600 Hz 
center frequency 3 pofe active lowpass post detection 
niter. Exclusive automatic tracking comparator. 

Plus md minus CW keying. Audio In. speaker out 
lacks Powered by computer. 

Indudes Baste listing of CW transmlt/recelve pro¬ 
gram Available on cassette tape, MFJ4253, $4.95 
and on software cartridge, MFJ4254, $19.96. 

You csn also use MFJ-1250 (VIC-20) or MFJ-1251 
(C-64), $49 95 each, RTTY/ASCII/CW software cart¬ 
ridge. Or use Kantronics, AEA and others. 

Also copy RTTY with single tone detection. 


UNIVERSAL SWL RECEIVE 
ONLY COMPUTER INTERFACE 
FOR RTTV/ASCII/AMTOR/CW 


MFJ-1Z2S 


69 


* • a. 


• I 


Use your — ’ _ 

persons! computer I MFJ-1225 plus MFJ-1250 
and comm uni cations I or MFJ-1251 S99. 9 5, 
receiver to receive commercial, military and amateur 
RTTV/ASCII/AMTOR/CW traffic. 

Plugs between receiver end VIC-20, Apple, TRS- 
80C, Atari, TI-99, Commodore 64 and most other 
personal computers. Requires appropriate software. 

Use MFJftee this idi, Kantronics, AEA and most 
other RTTY/ASCII/AMTOR/CW software. 

Copies ill shifts and all speeds. Twin LED indicators 
makes tuning easy, positive Normal/Reverse switch 
eliminates tuning for Inverted RTTY, Speaker out 
jack. Includes cable to interface MFJ-1224 to VIC-20 
or Commodore 64.4’/tx 114x414 Inches 1245 VDC or 
110 VAC with optional adapter, MFJ4312, $995. 
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THE "NO-CODE 1 ’ LICENSE PROPOSAL WAS SOUNDLY DEFEATED , with not one commissioner voting 
foritTatf the December 14 FCC meeting. Presenting the item was Private Radio Bureau Chief 
Bob Foosaner, who pointed out that while a principal argument for No-Code was the supposed 
lack of growth in Amateur Radio, the service had grown from 300,000 licensees in 1975 to 
over 400,000. Furthermore, he continued, the nearly 5,000 comments filed ran 20:1 against 
No-Code, with even the handicapped it was supposed to benefit opposing it. 

Commissioner Mimi Dawson, Studying For An Amateur License Herself , then asked what 
alternative entry to the radio spectrum might be available for "computer hobbyist" radio 
communications since Amateur opposition to No-Code did not make Amateur Radio attractive 
to that group. Foosaner responded, "The hobby class (license) may be something that re¬ 
places the CB type of thing...we'11 find a spectrum available for this type of service." 

Commissioner Comments During The Discussion Were All Complimentary to Amateur Radio, 
with Chairman Fowler in particular citing the service’s many contributions. However, some 
observers feel the failure of No-Code and the resulting lack of growth in Amateur VHF or 
UHF band usage will greatly increase outside pressure on those bands. Not only is there 
the possibility of a non-Amateur "hobby class" competitor for spectrum, but various user 
groups are actively promoting 216-225 MHz as a land mobile band, plus use of 420-430 MHz. 

W5LFL'S STS-9 2-METER OPERATION WAS AN UNQUALIFIED SUCCESS , from every point of view. 

He operated enough orbits to give the U.S. and the rest of the world at least several 
chances to hear and—hopefully—"work" him. His "CQ North America" was easily copyable. 
a thousand miles from Columbia's groundtrack, depending on spacecraft orientation. 

Media Coverage Of The Event Was Outstanding , emphasizing the idea that now "the guy 
next door" could actually talk to an astronaut in space. Owen's chat with King Hussein, 

JY1, was highlighted, of course, but many average Amateurs across the country found them¬ 
selves hosting TV news crews and chatting with talk show hosts or newspaper reporters. 

Though Owen's Operating Method Disappointed Many who'd hoped to hear their calls come 
back from space, it made real PR sense. His aclcnowledging a few calls, then describing 
what he saw and what was going on in Columbia was far more interesting to non-Amateur list¬ 
eners and media than long lists of calls . He also reported it almost impossible to copy 
many calls because of his single-earpiece headset. Though it appears most of those Owen 
was acknowledging were well-equipped VHF buffs with big signals, Owen's first review of 
his logging tape after Columbia's return did turn up some mobiles! Discipline was gen¬ 
erally fair to good in most areas, though with some confusion and harassment. 

Strong, Positive Effects On Amateur Radio are already being felt. Reinforcing the 
excellent exposure Amateur Radio got during the Grenada invasion, interest in becoming an 
Amateur seems to be at an all-time high. Inquiries about Amateur training courses are way 
up, and school-age Amateurs report many classmates asking about their hobby. NASA was also 
very pleased, with future operation by other licensed astronauts almost certain! 

About 300 Callsigns Were Pulled Off The Logging Tape in Owen's initial runthrough. He 
feels quite a few more can come from a more painstaking review. Of the 300, about 75% were 
U.S., with no Japanese, Russians or Africans noted. Special QSLs for those who made it on 
the tape will be available shortly. Send QSLs and SWL reports to ARRL, with an SASE. 

Congratulations to NASA, The ARRL, W5LFL, K6DUE , and many other contributors toward mak- 
ing Owen's space operation possible. A special - salute to Vic Clark, W4KFC, who passed away 
one week too soon to see a dream on which he'd worked so hard finally realized. A most ambi¬ 
tious project, meticulously executed, for the benefit of all—but particularly Amateur Radio. 

PCB-FILLED DUMMY LOADS DO POSE A THREAT TO AMATEURS , though perhaps not as severe as 
once feared. A just-completed studyTFy the Centers for Disease Control in Atlanta found 
less than 2 % of the loads tested contained PCB coolant, though a few others did show traces 
of the dangerous compound. However, tests of the Amateurs who 1 d been exposed to the PCB- 
cooled loads showed no abnormal levels in their blood. 

Since Any Exposure To PCBs Is Considered Dangerous , Amateurs who have dummy loads, capaci¬ 
tors - ^ or transformers made before PCB T s dangers became known should contact the nearest office 
of the EPA for advice on safe disposal. 

THE VOLUNTEER EXAM IS MOVING AHEAD , with appointment of the first regional Volunteer Exam 
Coordinator likely very soon. Leading the race with a very well thought out proposal is 
the Anchorage Radio Club, which is anxious to take on the responsibility for the entire 
state of Alaska. There are also groups or organizations in almost every other part of the 
country who've indicated strong interest in taking on the VEC job in their areas. In the 
meantime, the ARRL is still talking about becoming the national VEC. 

WARC FREQUENCY ALLOCATIONS WERE ADOPTED BY THE FCC in December, with several items of 
concern For Amateurs. 1.9-2.0 MHz was allocated to Amateur Radio on a "restricted secondary" 

basis, with radiolocation primary. AM broadcast will eventually be moving into 1605-1705 
kHz, with displaced radiolocation users then going to 160's top end. 220-225 MHz retains 
Amateur, plus fixed and mobile pending the results of an FCC NTIA working group study. The 
902-928 MHz band seems to have a variety of potential users, but the FCC did turn down in¬ 
dustry pleas that it also include a secondary land-mobile allocation. 
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WN THE WORLD 
WITH THE R3 
NO RADIAL 
VERTICAL 
10,15,20 METERS 


The R3 half wavelength design eliminates the 
ground radial system required by other ver¬ 
ticals, Optimum current distribution gives 
more efficiency and low angle radiation for DX 
communications. 

R3 brings high performance antenna features 
to those living In apartments, condominiums 
or on small city lots. Even If you have plenty of 
space, R3s combination of neat appearance 
and OX capability make it ideal tor your sta¬ 
tion. The R3 Includes an integral turner to give 
a perfect match across 1Q t 15> and 20 meters. 
The remote tuning lea lure allows easy finger* 
tip control as you operate your station, 

R3 is a complete antenna system ready to in¬ 
stall In virtually any location from ground level 
to roof top. 

FEATURES 
3 dB Gain, ref % A whip 
No Radlals 
360* Coverage 
Integral Tuner with 

Remote Gontrol Console and Indicator 

24 Volts To Tuner 

110 or 220 Volt Operation 

75 ft (22,9m} Control Cable Included! 

Only 22ft (6.7m} High 

1 sq ft (,09 sq m) Space 

Self Supporting 

Stainless Steel Hardware 

Mount; Sleeve Type Fits Pipe Up To 

1 V* in (4.5cm) die 

Can Be Easily Stored and Set Up For 
Portable or Temporary Operation 

Add up the features^you’ll find that you can 
have ALL OF THIS PERFORMANCE without 
the need to buy tower, rotator and associated 
hardware RJ IS ANOTHER PRODUCT 
CREATED FOR THE ENJOYMENT OF TOUR 
HOBBY BY THE WORLD RENOWNED 
CUSHCRAFT ENGINEERING DESIGN TEAM. 
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CORPORATION 


THE ANTENNA COMPANY 

48 Perimeter Road, P.O. Box 4680 
Manchester, NH 03108 USA 
TELEPHONE 603-627-7877 
TELEX 953-050 CUSHSIG MAN 
AVAILABLE THROUGH DEALERS WORLDWIDE 
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comments 

photovoltaics 

Dear HR: 

WD8AH0's article, "Photovoltaic 
Cells: a Progress Report" (December, 
1983, page 52), brought to mind painful 
recollections of the early 1960s when I 
bought 300 0.4 x 0.8 silicon cells 
surplus for fifty bucks. I say "painful" 
because I soldered the little buggers in 
a series-parallel arrangement. I thought 
I would go blind and also learned that the 
little pieces of silicon would fracture 
easily. When most of the300 were finally 
soldered, I had the pleasure of getting all 
of 2 + watts output on a sunny day. 
Still, it was great fun after the drudge 
work of putting it together was done and 
itdidmakea nice battery charger. After 
several years of operation, the unit 
busted up on my move from San Fran¬ 
cisco to Oakland. Too bad — there are 
more sunshine/hours in Oakland. 

The 'breeder concept" photo in the 
article (fig. 1) made me whistle. There 
must be at least 3000 square feet of 
panels. That would mean about a million 
of my 0.4 x 0.8 chips (ouch), and at 
1960's prices, a cost (even at surplus) of 
over $150,000, all for about 6 kW output! 

Since I've been out of touch with that 
scene for over twelve years, it's appar¬ 
ent there has been a great deal of 
progress. 

Your article really rekindled my 
interest. 

Nubar Tashjian, K6KVX 
Oakland, California 


Dear HR: 

I don't understand WD8AHO's claim 
that sola r cells at $4.00 per watt will pay 
back in less than one year. (See "Photo¬ 
voltaic Cells: A Progress Report," De¬ 
cember, 1983, page 52.) 

Energy from our local electric com¬ 
pany costs x $0,052 = $0.52 x 

10 ~ 4 each hour at the 1 watt rate. So, 
for the $4.00 cost of a 1 -watt solar cell, 

I could buy 76,923 hours of electric 
energy at the 1-watt rate. Averaging six 
hours per day, as one might use a solar 
cell, I could buy that power from the 
local electric company for 12,820.5 days 
or about 35.1 years. 

The added expense for storage bat¬ 
teries (and inverters?) makes the break¬ 
even time even longer. I don't know the 
life expectancy of solar cells, but I would 
be surprised to break even within the 
span of human lifetime. 

Martin Sample 
Tuolumme, California 

As Mr. Sample suggests, the ques¬ 
tion of when photovoltaics will become 
cost competitive with local power com¬ 
panies is, to some, a good reason not to 
get involved in photovoltaics. 

Photovoltaics is not for everyone, and 
certainly not for anyone who measures 
payback solely in economic terms. But 
a modest photovoltaics system can 
meet the needs of the Amateur who 
wants an economical, uninterrupted 
supply of power for his or her ham 
shack, for remote operations, and in 
emergencies or natural disasters. 

Every day we read of billion-dollar 
cost overruns, unexpected delays, and 
unacceptable workmanship in the de¬ 
velopment of new power plants. These 
problems suggest that in the years to 
come, electricity is likely to cost more, 
not less. It's reasonable to expect that 
by the time photovoltaic power reaches 
the 100 megawatt leveland the cost has 
dropped to below $4per watt, the pay¬ 
back period of PV's — partly because of 
power company rate increases — will be 
reduced to less than one year and be 
competitive with utility rates. 

With a life expectancy of 30 years or 
more, photovoltaics today offer a readily 



available source of dependable power at 
a reasonable price. 

Paul J. DeNapoli, WD8AHO 
Livonia, Michigan 


As far as Amateurs today are concerned, perhaps the 
following letter says it best . . . 

Dear HR: 

I fail to see how solar energy can have 
a payback of less than threeand one-half 
years. At $10 per peak watt, and four 
hours per day peak sun time, I calculate 
only 1460 watt hours peryear, At7 cents 
per kWh, this equates to a payback of 10 
cents per year — which would take 100 
years! 

WD8AHO is clearly talking about 
energy payback only (the energy re¬ 
quired to build a cell), not the cost of 
manufacture. I am truly excited about 
the prospects of solar energy and final¬ 
ly put cells on my sailboat to keep the 
batteries trickle-charged. You can'tbeat 
PVs when you can't get power any other 
way, but let's be honest about the cost 
to the consumer. 

R.F. Bruninga, WB4APT 
Bowie, Maryland 

auto-dialer chip 

The MD-22 chip necessary for con¬ 
struction of K2MWU's "State-of-the- 
Art Auto-Dialer" (December, 1983, 
page 21) will again be available in mid- 
to late February. 

Readers who have had difficulty in 
obtaining this part should contact CES, 
Inc., P.O. Box2930, Winter Park, Flor¬ 
ida 32790. (305) 645-0474. 

short circuit 

RTTY and the Atari™ 

In the article, "RTTY and the 
Atari™ Computer," on page 38 in 
the July, 1983, issue of ham radio, 
the lower left pinout of the XR2211 
chip should be labeled 12. It was 
omitted from fig. 3 though discussed 
in the text on the following page 
under the subhead "terminal unit 
construction adjustments." 
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AEA Brings You The ANTOR Breakthrough 


We are pleased to announce three new AMTOR products. Our new software package that will allow you to operate 
AMTOR with your CP-1 is called AMTORTEXT". A complete hardware terminal unit and AMTORTEXT software plug¬ 
in cartridge for the Commodore 64 computer is called the MICROAMTOR PATCH 1 *. We also have new applications 
software packages for the AMT-1 and Commodore 64 or VIC-20 computers 


NEW AMTORTEXT ™ 


AMTORTEXT 1 " is a LOW COST software package that will allow the CP-1 and Commodore 64 
computer to be used as a multi-mode AMTOR TERMINAL Compare the outstanding FEATURES 
and PRICE of the AT -64 (AMTORTEXT tor Commodore 64) to the competition: 

■ KEYBOARD OVERLAY instructions (eliminates constant referral to manual) * STATUS j, 

INDICATORS on screen * Easy to follow MENU * ARQ, MODE A- MASTER OR SLAVE * FEC , 

MODE B * MODE L (LISTEN TO MODE A) *SPLIT SCREEN with 2000 CHARACTER TYPE 
AHEAD transmit buffer* WORD MODE for error correcting with DEL KEY until space orCR is sent 

* REMOTE ECHO shows characters transm itted as they are validated by other slat ion * easy entry 
of your SELCALL for automatic response to ARQ calls • BREAK-IN MODE to interrupt sending 
station * LTRS/FIGS REVERSE for assistance in MODE L sychronizing * TEN MESSAGE 

BUFFERS OF 256 CHARACTERS EACH * AMTOR timing synced to host computer internal CRYSTAL OSCILLATOR 

* PROGRAMMABLE TRANSMIT DELAY can be saved to tape * AUTOMATIC PTT * POWERED BY HOST COMPUTER * includes 
INTERFACE CABLE for AEA model CP-1 COMPUTER PATCH'* 

The AMTOR software TIMING ROUTINES have been written by Peter Martinez. G3PLX (father of AMTOR) which means you can be 
sure of having NO SYNCHRONIZING problems with other AMTOR stations adhering to the established international AMTOR 
standard, PROPER SYNCHRONIZATION is an ABSOLUTE must for AMTOR 1 

$89.95 List $69.95 


C-64 AMTORTEXT 


NEW MICROAMTOR PATCH T 


MICROAMTOR PATCH*" is a NEW LOW-COST. HIGH-PERFORMANCE AMTOR 

__ ^ , ^ | ; SOFTWARE/HAROWARE computer interlace package. The MICROAMTOR PATCH 

(model MAR-64) INCORPORATES AMTORTEXT software (described above) for the 
tV Commodore 64 computer. AM circuitry and software is incorporated on a single, plug-in 

cartridge module featuring the following -TRUE DUAL CHANNEL MARK AND SPACE 
MULTI-STAGE 4 POLE. CHEBYSHEV ACTIVE FILTERS * AUTOMATIC THRESHOLD 
CORRECTION for 9° od copy when one tone is obliterated by QRM or SELECTIVE 
WOT FADING * EASY, POSITIVE TUNING with TRIPLE LED INDICATOR * NOT a low-cost, 

easily "pullable 1 phaselocked loop detectorf!I * SWITCH SELECTED 170 Hz or WIDE 
SHIFT on receive* AUTOMATIC PTT * demodulator circuitry powered by your 12 VDC 
supply to AVOID OVERLOADING HOST COMPUTER and for maximum EMI ISOLATION • EXAR 2206 SINE GENERATOR for 
AFSK Output * SHIELDED TRANSCEIVER AFSK/PTT INTERFACE CABLE PROVIDED * FSK keyed output 

The MicroAmtor Patch is structured for easy upgrading to the AEA CP-1 Computer Patch 1 * advanced interface unit without having to 
buy a different software package! Simply unplug the external computer interface cable (supplied with the MicroAmtor Patch) from 
the MicroAmtor Patch and plug it into the Computer Patch. 


$149.95 List $129* MAP64 
$239.95 / $199.95* MAP-64/2 


The Model MAP-64/2 incorporates the C-64 MBATEXT - PROM 
on the same board with AMTORTEXT for low cost RTTY/CW 
ASCII/AMTOR operation, 

AMT-1 



The AMT-t is the DEFINITIVE AMTOR TERMINAL UNIT which all future AMTOR units 
will be measured against. All you need lor full AMTOR operation is a dumb ASCII terminal 
(or personal computer and emulation software) and a normal HF transceiver and antenna 
With the AMT-1 you will receivethe following features "SENSITIVE FM DEMODULATOR 

• FOUR POLE ACTIVE RECEIVE FILTER • TOTAL CONTROL FROM KEYBOARD or by 

COMPUTER PROGRAM CONTROL • 16 LED PANADAPTOR TYPE TUNING 

INDICATOR • CRYSTAL CONTROLLED AFSK MODULATOR • RECEIVE/TRANSMIT 
standard RTTY • TRANSMIT MORSE CW • MORSE RECEIVE field installable option 

• AUTOMATIC PTT • 13 Iron! panel LED STATUS INDICATORS • all METAL 
ENCLOSURE tor maximum RFI immunity • operates from your 800 ma 12 VDC power 

source $589.95 List $499.95* AMT-1 

Applications software for C-64 or VIC-20 

AEA also otters an applications software package for the Commodore VIC- r—- 

20 (model AMT-1/VIG20-1) or 64 computer that is resident on a plug-in PROM 
CARTRIDGE and includes the INTERFACE CABLE to go between the 
computer and the AMT-1 KEYBOARD OVERLAY instructions are also \ 


m>i >i 


Shown with optional AMT-1 Console Stand . 
COMM 64 with CRT Monitor and cassette 
recorder {Not inctud&cr) 


PLEASE SEND AEA CATALOG 


Name 


Address 


‘SUGGESTED AMATEUR DISCOUNT PRICE THROUGH 
PARTICIPATING DEALERS ONLY 


Advanced Electronic Applications, Inc. 

P.O. BOX C-2160 * LYNNWOOD, WA 98036 • (206) 775-7373 • Telex: 152571 AEA INTL 
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frequency synthesis 

by VXO harmonic selection 


Quieter than a PLL, 
it generates all frequencies 
between 5 and 6 MHz 

This article describes a modification of an old 
method of frequency synthesis. 1 Its chief advantage 
over the earlier scheme is that it can synthesize all 
possible frequencies over the output range, rather 
than being limited to a set of discrete frequencies. Its 
stability, determined by the stability of a single VXO, 
is comparable to that of other synthesizers. 

block diagram 

The basis for the system is a variable crystal 
oscillator — a VXO consisting of a 100-kHz frequen¬ 
cy standard crystal which is continuously "pulled" 
from 100 to 100.2 kHz (see fig. 1). The VXO output 
frequency is divided by ten and fed to a pulse 
generator. Here a short pulse is formed with a PRF 
continuously variable over the range 10 to 10.02 kHz, 
directly controlled by the VXO. A bandpass filter 
passes the 500th through 600th harmonics of the 
pulse, producing a "comb" with about 10 kHz spac¬ 
ing which moves continuously upward about 10 kHz 
as the VXO frequency is increased. If the 500th har¬ 
monic is selected, its frequency will move con¬ 
tinuously from 5000 to 5010 kHz. Then if the 501st 
harmonic is selected, its frequency will move con- 
tinously from 5010 to 5020.02 kHz and so on. In this 
way we may obtain all possible frequencies in the 
range from 5 to 6 MHz. 


I In order to select one harmonic and reject all 
others, it is necessary to employ a filter having a 
bandwidth considerably less than 10 kHz. Considera¬ 
tion of spurious frequency problems leads to the use 
of a SSB crystal filter in the 9 MHz region. I selected 
an 8.83 MHz filter because I intend to use a 9 MHz 
beating oscillator to heterodyne the synthesizer into 
the ham bands, and I do not wish to invite trouble. 
The VFO and first mixer form a superhet with an 8.83 
MHz IF sharp enough to pass just one "tooth" of the 
"comb." The IF beating against the same VFO in the 
second mixer restores the selected "tooth" to its 
original frequency, exactly. Drift in the VFO has no 
effect on the output frequency. As the VFO is tuned 
continuously in one direction, succeeding "teeth" 
are selected, interspersed with regions of zero out¬ 
put. The VFO is calibrated in terms of output fre¬ 
quency so that the appropriate "tooth" is selected. 
The output frequency is then adjusted to the desired 
value by adjusting the VXO frequency. If this adjust¬ 
ment causes the IF to reject the "tooth," slight retun- 
ing of the VFO will bring it back into the filter pass- 
band. The selection indicator is a meter which indi¬ 
cates whether or not a "tooth" is passing through 
the filter. It reads either zero or about 2/3 scale, cor¬ 
responding to the absence or presence of an output 
signal, respectively. 

theory of operation 

Assume a VXO is continuously "pulled" from f 0 to 
a higher frequency,/;. We may multiply the frequen¬ 
cy by any integer, M f and divide the frequency by 
any integer, TV. The output frequency will vary from 

/l = ™fo ( 1 ) 

to Ih = (2) 

By Frank Noble, W3MT, 10004 Belhaven Road, 
Bethesda, Maryland 20817 
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(9) 


For continuous coverage, the pulling range of fig. 
2(A) must be equal to the separation between adja¬ 
cent harmonics of fig. 2(B), or 


M = f L x 10~ 4 

Now the desired value of ft is 5 x 10 6 , so that 

M = 500 (10) 


— (fl-fo) = 

N V1 J0/ N 


so that 


M = 


fo 


fl ~ fo 


(3) 

(4) 


Substituting eq.4 in eq. 1 : 

Jo 


N — M 


fo 2 


fh fL {[ 1 ~ fo) 


(5) 


Comparing fig. 2(C) with fig. 2(A), note that 
- ^ - (fi -fo) is larger than 

77 - (fi -fo) ( 6 ) 

so M in eq. 4 is the minimum value which will provide 
continuous coverage. Larger values will produce pro¬ 
gressively increasing overlap. 

practical considerations 

If a standard SSB crystal filter is used, the har¬ 
monic spacing must be of the order of 10 kHz to 
allow adequate rejection of neighboring harmonics. 
Hence 

= 10* (7) 

N 

and N = f 0 x 10~ 4 ( 8 ) 

Substituting eq. 8 in eq. 5: 


AT-Cut crystals will not achieve values of M as 
small as 500, using capacitance tuning. This amount 
of pull may be obtained with inductive tuning, but 
extreme care must be taken, especially with the coil, 
to retain stability. The frequency,/^, must exceed 10 
MHz so that reasonable values of inductance may be 
used. This leads to the requirement of large frequen¬ 
cy division, N, an additional complication. An in¬ 
cidental advantage is that the tuning linearity is bet¬ 
ter than for capacitance loading. 

If we use the 100 kHz 5 degree X Cut commonly 
employed for frequency standards, a value of M = 
500 may be obtained with capacitance tuning. The 
temperature stability will be poorer than for AT 
crystals, but a crystal oven will solve this problem. 

In any case, the percentage drift of the output fre¬ 
quency will be identical to the percentage drift of the 
crystal. 

circuit description 

Fig. 3 shows a detailed circuit diagram for one 
form of the synthesizer. 

The first stage, the VXO, uses an LF353N for U1A 
in a power design 2 and substitutes a large variable 
capacitor having "midline" plates to improve the tun¬ 
ing linearity. (SLF or even more radical plate shapes 
would be preferable if available.) A fast-rising square 
wave is formed by U1B, suitable for driving the divide 
by ten 1C, 112. The very fast rising square wave out¬ 
put of U2 is differentiated by a short time-constant 
RC circuit. The negative-going pulse is clipped by the 



OUT 


fig. 1. One possible arrangement for the synthesizer. See text for a discussion of the relationships between the various 
frequencies. 
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diode, so that the input to Q1 rs a short positive pulse 
with a PRF continuously variable from 10 to 10.02 
kHz, The source of G1 is biased at + 6 volts so that 
only the narrow part of the pulse near its peak is 
amplified. The tuned circuit in the output of Q1 is 
resistively loaded to pass 5*6 MHz, selecting the 
desired "comb/ 1 02 raises the comb level. Its output 
is also broadbanded by resistive loading. A link on 
the 02 output coil drives one input of diode ring mix¬ 
er No. 1 through an attenuator which provides a 50 
ohm source for all frequencies. The second input to 
the mixer is supplied by the VFO buffer, G9, having a 
source impedance of about 50 ohms at the VFO fre¬ 
quency. {This is not ideal, it would have been better 
to increase the output of Q9 and use an attenuator to 
provide 50 ohms at all frequencies. > 

The output of the first mixer is terminated in 50 
ohms for all frequencies. This is the most critical ter¬ 
mination, It drives FL-1 through a series resistor, 
forcing a termination of less than 600 ohms, which is 
roughly what the filter requires. The output termina 
tion is about 400 ohms. (We observe that passband 
flatness, vital to SSB, is not important in this applica¬ 
tion; consequently, termination requirements have 
been eased.) Since the filter is very sharp, the output 
circuit of IF amplifier U3 has high Q and large L/C 
to achieve high gain. 03 is an RC amplifier for driving 
FL-2 with a source impedance of somewhat less than 
680 ohms* This filter is also terminated in somewhat 
less than 680 ohms. It drives emitter-follower G4, 


'M 



© 


fig. 2. Diagram for determining the relationships between 
frequencies, multipliers, and divisors. 



Left, VXO direct drive dial calibrated in kHz. Center, selec¬ 
tion indicator meter. Right, VFO reduction drive dial calibrated 
in 100 kHz steps. 

The output impedance of G4 approximates 50 ohms 
at alt frequencies to match one input of The second 
mixer. A separate VFO buffer. Q8, drives the other 
input. The critical output of the second mixer sees 50 
ohms at all frequencies, U4 is an amplifier, broad- 
banded by the 50 ohm half-wave filter at its output. 
The input to amplifier U5 is fairly clean. The signal is 
made larger by U5 and further laundered by the 
bandpass filter at its output. Q5 is an emitter follower 
to reduce the output impedance to about 50 ohms at 
the ' HI' output. An L network followed by a quar¬ 
ter-wave filter reduces the output voltage and im¬ 
pedance and further improves the waveform at the 

LO" output. G6 is another emitter follower used to 
prevent distortion generated by The diode rectifier 
from reaching the RF outputs* The rectified and fil¬ 
tered output of Q6 is used to drive the selection in 
dicator, a miniature 1 milliampere meter. The VFO, 
G7, is a Hartley oscillator using a good coil and 
source degeneration to obtain good stability and 
waveform. It must not drift over ±1 kHz per hour - 
otherwise it could drift the desired "tooth" out of the 
filter slot. The VFO tuning capacitor has semi-circular 
plates for good tuning linearity. It is driven by a re¬ 
duction dial to make the tuning less critical. 

mechanical details 

Except for the portion between the U4 link and the 
outputs, the circuit is contained in a metal enclosure 
(standard chassis No. 1) measuring 3 1/4" H x 
7 1 /2 "W x 57/8*0, (9cm x 19cm x 15cm) Radio 
Shack No. 270-229 (see photo 2). A second standard 
chassis (No, 2) contains the portion after the U4 link, 
a 12-volt regulated power supply {150 mA), and a con¬ 
verter employing a 12,5 MHz crystal oscillator to beat 
the synthesizer output up into the 40-meter band. No 
attempt was made to miniaturize chassis No. 2 be¬ 
cause it rests on a shelf under the operating table, out 
of the way. The coils in chassis No. 2 are surplus 
5/8-inch slug-tuned bakelrte units mounted in shield 
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fig. 3. Detailed circuit diagram for one form of the synthesizer. Details of the design and suggestions for improvement are contained in the text. 
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ways to get 

Q5 copy 

Ask: 


G4HUW KBSDN 
KJ2E K61MV 
K4XG K8MKH 
KA4CFF KB0TM 
KA5DXY W4YPL 


WA4FNP WD5DMP 
WD4BKY W08QHD 
WD4CC1 WB9NOV 
WD4CCZ W09DYR 
W5GAI 


444D SSB FM 
Base-Station Microphone 

Shure s most widely used base- 
station microphone is a ham 
favorite because it really helps 
you get through . with switch- 
selectable dual impedance low 
and high for compatibility with 
any rig' VOX NORMAL switch 
and continuous-on 
capability make 
the 444D easy 
to use even 
under tough 
conditions. If 
you re after 
more Q5s. you 
should check 
it out. 




FREE 1 Amateur 
Radio Micro¬ 
phone Selector 
Folder Write 
for AL645 


526T Series II 
SUPER PUNCH 
Microphone 

Truly a microphone 
and a half’ Variable out¬ 
put that lets you adjust the 
level to match the system 
The perfect match for 
virtually any transceiver 
made, regardless of 
impedance. Turns 
mobile-NBFM unit into 
an indoor base station f 
Super for SSB 
operation too, These 
and many other 
features make the 
526T Senes II a 
must-try unit. 
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Left, from-to back, VXO through comb amplifier. Right, front 
to hack. VFO and VFQ buffers. Center, balance of circuitry 
through U4 output; front-to back. Mixer No 1, FL 1. U3, Q3, 
FL 2, Q4, Mixer No. 2, U4, 


cans. The coils in chassis No. 1 are 3/8-inch slug tuned 
ceramic unshielded forms made by Miller, A shielded 
cable containing power supply leads and the DC for 
the selection indicator interconnects the two chassis. 
The RF interconnection is made by means of coax 
cable. 

Chassis No, 1 is divided into three main shielded 
compartments by means of two aluminum shields 
running front-to-back. The left compartment con¬ 
tains Uf tlirough 02. The right compartment is sub¬ 
divided into three shielded sections and contains Q7, 
08, and Q9, front-to-back, The remainder of the cir¬ 
cuit through U4 is contained in the center section. 
Most of the circuits are supported on perfboard placed 
parallel to the front panel. Push-in terminals are 
used where required. Care is taken to be sure that the 
mixer grounds are of tow inductance and resistance 
— otherwise balance will be degraded. Similarly, the 
connections to the crystal filter grounds and case 
should be very solid, and the input and output cir¬ 
cuits well separated and shielded; otherwise, un¬ 
wanted signals may bypass the filters The VXO tun¬ 
ing shaft is directly driven by a knob calibrated in 
kHz. The VFO shaft is driven by a 6:1 reduction drive 
dial calibrated in 100 kHz steps. Coax cable running 
below the bottom plate carries the RF interconnec* 
tions between the shielded compartments. For me¬ 
chanical reasons, the ends of the coax are exposed. 
To correct this, a shield resembling an inverted 
chassis is placed below the bottom plate and secured 
with metal spacers. This shield also raises the knobs 
above the table, increasing the ease of tuning. 

comments 

The writer's experience with low frequency VXO 
circuits is limited to one crystal of ancient manufac¬ 
ture. Before proceeding further, a prospective 
builder should experiment to be sure his 100 kHz 
crystal will pull 200 Hz, (Note that the exact fre- 
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The Central Intelligence Agency has 
excellent career opportunities for indi¬ 
viduals with experience in HF radio, 
Morse intercept, satellite communica¬ 
tions. or radio-teletype operations. If 
you are looking for the challenge of a 
CIA career . . . you could join a very 
select group of dedicated men and 
women who use their professional skills 
in unique and rewarding assignments 
throughout the world. 


Skills / Experience: 


Applicants should have experience as 
communicators, telecommunications 
specialists, radiomen, Morse intercept 
operators, or be radio amateurs with 
general license or higher. Morse code 
ability at 12 gpm is preferred; other 
applicants will be tested for 
Morse aptitude. Minimum 
touch typing speed of 
30 wpm is required. f 


Personal Qualifications: 

U.S. citizen (self and spouse); high school 
graduate or GED; availability for extensive 
overseas service. Must meet security and 
medical standards. Civil Service status not 
required. 

Starting salaries $15,398-$ 18,215 
depending on qualifications, plus 
substantial overseas benefits. 

Attention Military Personnel: 

Apply now if you are scheduled for 
separation within the next six months. 

Join us at the 

24TH ANNUAL 

TROPICAL HAMBOREE 

Flagler Dog Track 
Miami, Florida 
February 4-February 5 

If you cannot attend, send your 
resume to; 






Personnel Representative 
Dept. S. Rm. 4N20IPA) 
P.O. Box 1925 
Washington, D.C. 2(X)13 


Central Intelligence Agency 


An Equal Opportunity Employer 
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* Slopes receded messages until requested at a 'afer time 
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* Activates teletype motcji lo print messages 

* Boaid jtcepis up to T4K ol RAM 

* Model PKT tan be cuslomi/ea tor Commercial Systems 


Protocol can tie changed by swapping ROM chips Board de 
Signed lo accept 6264°s tor up to 56K of RAM with minor 
modification 

Dimensions 4 5 x 9 5 inches; t" vertical clearance 
Power requirement: +12 VDC. approx, 200 rna 
Standard equipment includes 4ft ol RAM iexpandable To T4K) 
Model PK1 . wired & tested— Si49.95 

additional memory installed & tested i up to 1 0K 3 S10/2K 

RTTY adaptor board $9.95 

Connecting cables & enclosure— optional ^ i3e 
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Retjuesr out FREE catalog MC & Vis# netcomt Allow S? to/ UPS shipping 
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1952 Clinton St. Buffalo, NY 14206 

716-824 7936 9 tn 4 
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quencies do not matter; the difference between the 
maximum and minimum frequencies must be at least 
200 Hz. ) tf this much pull cannot be obtained, the cir¬ 
cuit will have to be re-designed using the equations 
contained above. 

It should be clear that this is a first model which is 
certainly not of optimum design. Its defense is that 
rt presents no surprises. The second crystal filter, used 
to reduce noise generated in the IF amplifier and to 
increase the out-of-band attenuation, may not be 
needed. The filters associated with U5 and Q5 could 
be simplified and improved. The crystal could be 
placed in an oven for better stability. Finally, the VFO 
reduction drive should have a higher ratio, (prefer¬ 
ably 100:1, to ease the tuning); if not, some form of 
electrical bandspreading could be used, 
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1.8-30 MHz. Continuous Coverage Antenna 
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The AC 1,8 - 30 Antenna uses only 
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ened even further with only Jr 
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efficiency, Jr** 

Patent Pending / 
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elliptic lowpass 
audio filter design 


Use standard 
88 and 134 mH inductors 
for deep attenuation 
filter response 

The elliptic lowpass filter is frequently used by the 
Radio Amateur for speech filtering because of its sharp 
selectivity, and many articles have been published on 
this particular application. 16 Unfortunately, the audio 
filter design procedures currently used by the Amateur 
are derived from engineering texts, and therefore are 
more suited to commercial practices. For example, the 
commercial filter designer develops his design based 
on a particular cutoff frequency and impedance level, 
and then orders the inductors from an inductor 
manufacturer. Capacitors are obtained from electronic 
distributors, measured, and then paralleled as required 
to get the design values within the specified tolerance. 
In Amateur applications, in which requirements are 
less stringent, variations in cutoff frequency and im¬ 
pedance level can be exchanged for more convenient 
component values. The Amateur also places greater 
importance on being able to use an inexpensive source 
of standard-value inductors than does the commer¬ 
cial designer. This is because the Amateur usually 
builds only one or two filters and therefore cannot take 
advantage of the large-volume discount prices 
available to the commercial designer. 

In the discussion that follows, a simple design pro¬ 
cedure for passive LC audio elliptic lowpass filters that 
use inexpensive 88 and 134-mH inductors is presented. 

common filter types 

The two most frequently used filter types in 
Amateur Radio practice are the Chebyshev and the 
elliptic. Both can be designed for any level of pass- 
band ripple; the elliptic is more versatile because it also 
can be designed for any level of stopband attenuation. 7 


I Also, the attenuation rise of the elliptic can be made 
much more abrupt than the Chebyshev. 

In RF harmonic filtering, attenuation greater than 
40 dB one octave from the cutoff frequency is usually 
adequate; a 7th-degree Chebyshev design is most 
suitable because its response provides more than 42 
dB attentuation at twice the cutoff frequency and it 
has a simple ladder configuration (four shunt ca¬ 
pacitors alternating with three series inductors). 
However, for speech filtering applications, it is impor¬ 
tant that the filter attenuation rise as quickly as possi¬ 
ble to 40 dB or more. Consequently, the 7th-degree 
elliptic design is preferred over the Chebyshev. Greater 
than 40 dB of attenuation occurs at a frequency only 
1.2 times the cutoff frequency of an elliptic filter com¬ 
pared to two times the cutoff frequency of a 
Chebyshev design. 

Fig. 1 shows the schematic diagram and the typical 
attenuation response of a 7th-degree elliptic filter. A 
family of elliptic designs is available that shows 45 to 
65 dB of stopband attenuation and uses the same 
value of inductance for L4 and L6. This means that 
only two different inductance values are needed (L2, 
and L4, L6). One value can be the fixed 88 or 22-mH 
value of the standard surplus inductor, and the other 
can be obtained from a modified 134 or 33.5-mH 
inductor. 

inductor types 

The two inductor types suitable for the elliptic filter 
construction are shown in fig. 2. Both types (one pot¬ 
ted) have molybdenum-permalloy cores and the op¬ 
timum frequency range is from 300 Hz to 20 kHz. Both 
types have two windings that can be connected either 
in parallel or series aiding. Fig. 3 shows the inductors 
with instructions for connecting the windings in series 
or parallel. 

The unpotted inductor has an inductance of 134 or 
33.5 mH in the series or parallel connection, respec¬ 
tively. The potted inductor has values of 88 or 22 mH 
in the series or parallel connection. The potted indue- 

By Ed Wetherhold, W3NQN, Honeywell, P.O. 
Box 391, Annapolis, Maryland 21404 
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tor is designed for mounting on a flat surface by in 
setting a %-inch diameter stud through a hole and 
then by placing a Tinnerman mounting clip over the 
stud to secure the inductor. The center inductor in fig, 
2 is shown with 3 Tinnerman mounting clip. 

Since turns cannot be removed from the potted in¬ 
ductor to vary the inductance, it must be used as <s 
in applications requiring a 22 or 88-mH value. Because 
turns can be removed from the unpotted inductor, 
many different elliptic designs are possible, and eight 
different designs have been selected and calculated 
for stopband attenuation \A S ) levels ranging from 45,6 
to 64.5 dB, The total turns needed to be removed from 
the unpotted inductor for these eight designs varies 
from eight to one hundred turns. Procedures and 
equations for calculating the total turns to remove for 
any inductance value that may be needed are given 
in appendix A, 

7th-degree elliptic lowpass filter 

The maximum amplitude of the passband ripple 
lAp) (see fig. IB) is less than 0.11 dB for these 
designs. The cutoff frequency is designated f Ap and 

is defined as that frequency at which the attenuation 
first exceeds the A p level. The normalized value of/ Ap 

is unity, and all other frequencies are referenced to 
it. The start of the stopband is denoted by/a and oc- 

curs where the minimum stopband attenuation (A s ) 
is first achieved. The band of frequencies between the 
end of the passband and the start of the stopband is 


called the transition band. It is desirable to minimize 
the transition band for best filter selectivity. An indica¬ 
tion of the degree of selectivity is the / \^/J \ n ratio 

— the smaller the ratio, the more selective the filter. 
Since the normalized value of J \ p is unity, the nor 
malized value oif A . indicates filter selectivity. The / ^ 

values in the eight designs vary from 1,2 to 1,37. Note: 
selectivity and higher stopband attenuation are 
tradeoffs. 

In audio filtering applications, a passband ripple of 
less than 0.2 dB (as found in the eight designs), is suf 
ficiently low and won't be discussed further, 

L2-C2, L4-C4, and L6 C6 resonant circuits produce 
attenuation peaks in the response at f \ f 4i and f 6 (see 
fig. 1), If these attenuation peaks are correctly 
placed, the minimum stopband attenuation will theore¬ 
tically never drop below the /t % value, 

simplified design procedure 

Table 1 lists all filter parameters: inductances, re 
flection coefficients, A pt J Ap and A s . The reflection 
coefficient, used by filter designers to categorize a 
Specific design, is directly related to \ n * The relation¬ 
ship between R (filter termination impedance) and 
f A te given in columns R and F of table 1. R can be 

calculated if /is known, or vice versa. The L2 and L4, 
L6 columns list two inductance values which corre¬ 
spond to the series or parallel connections of the irv 
doctor windings. 

Table 2 lists the normalized component values and 
frequencies of the same eight designs in table 1. This 
data is used to calculate the actual component values 
and frequencies of the filter after the termination 
resistance and cutoff frequency are selected. 

The designs in tables 1 and 2 are keyed to each 
other either by the design number or by the L2/L4 





tig. 2. The two inductor types used in constructing the filter. 
Each has two windings which can be connected in series or 
parallel. The large unpotted inductor \ 12 ) has a maximum in 
ductance of 134 or 33.5 mH and the potted inductors IL4 and 
L6| have 88 or 22 mH for the series or parallel connections, 
respectively, AN inductors are shown with their leads in the 
parallel connection. One of the potted inductors is shown 
with a Tinnerman mounting clip. 
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INDUCTANCE BETWEEN A ANO D 

PARALLEL- AIDING FOR 33 5 OR 22mH= CONNECT A TOC AND B TO D TO GIVE DESIRED 

INDUCTANCE BETWEEN A AND B 

fig. 3. These diagrams show the lead designations of the 
unpotted 134 mH and potted inductors with instructions 
for connecting the two windings in series or parallel: (A) 
unpotted 134 mH; (B) potted 88 mH. 


ratio. These ratios range from 1.25 to 1.50, and cor¬ 
respond to L2 values from 110 to 132 mH (in the series- 
aiding connection) or from 27.5 to 33.0 mH (in the 
parallel-aiding connection). The purpose of each table 
will be explained before demonstrating the design 
procedure. 

Before selecting a design from table 1, the cutoff 
frequency and the approximate impedance level must 
first be selected. Because the cutoff frequency is 
usually more critical, its value is fixed, and R is 
calculated using the equations under column R or by 
using the graph in fig. 4. The "A" designs are best 
suited for cutoff frequencies below 2 kHz, while the 
"B" designs are best for cutoff frequencies above 2 
kHz. 

In most cases, an exact match between design and 
circuit impedance is not possible. However, resistive 
matching pads (see appendix C) can be used if the 
difference between the circuit and filter impedances 
is less than about 30 percent. For greater impedance 
differences, matching transformers must be used. The 
disadvantage of not being able to select a specific and 
independent filter termination impedance is a conse¬ 
quence of using fixed inductor values, worthwhile be¬ 
cause standard-value surplus inductors can be used. 
The filter performance parameters are next reviewed 
to see if they are fully satisfactory. If, for example, a 
minimum stopband attenuation exceeding 55 dB is re¬ 


quired, then only designs 1 through 3 should be con¬ 
sidered. After a design is selected from table 1, and 
normalized values of the same numbered design in 
table 2 are scaled to the impedance level and cutoff 
frequency. 


design example 

To design a speech filter that has a 3 kHz cutoff fre¬ 
quency and a source and load impedance of 500 ohms, 
a typical procedure would consist of the following 
steps: 

(a) Follow the 500-ohm line across the graph in fig. 
4 until it intersects with the slanted lines in the vicini¬ 
ty of 3 kHz; design 8B provides the closest match. If 
a lower or higher cutoff frequency is required, the filter 
impedance level must be changed to correspond to 
the new cutoff frequency. If the new filter impedance 
is within 30 percent of 500 ohms, resistive padding can 
be used to match the filter to the 500-ohm system. 
For greater impedance differences, suitable matching 
transformers must be used to prevent excessive signal 
amplitude loss (see note 1). 

(b) Refer to table 1 to check the performance 
parameters of design 8B. If f A and A s are satisfac¬ 
tory, then design 8B can be used. For design 8B, L4 
= L6 = 22 mH, L2 = 33 mH, L2/L4 = 1.500, and 
R.C. = 8.06 percent . 

(c) Find the exact cutoff frequency for R = 500 


*A" -DESIGNS 


8a 4A (A 


-DESIGNS 
8B 46 IB 



“A"-DESIGNS USE THE INDUCTOR SERIES-AIDING 
CONNECTION, "B n -DESIGNS USE THE INDUCTOR 
PARALLEL-AIDING CONNECTION. SEE TABLE I 
FOR THE L, R AND F VALUES CORRESPONDING 
TO A ANDB DESIGNS. 

DESIGNS 2, 3, 5,6 AND 7 ARE NOT PLOTTED, 

BUT THEY MAY BE CLOSELY APPROXIMATED BY 
INTERPOLATION FROM THE PLOTTED DATA. 
DESIGNS 2 AND 3 LIE BETWEEN DESIGNS I AND 
4; DESIGNS 3.6 AND 7 LIE BETWEEN DESIGNS 
4 AND 8 
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fig. 4. Lowpass filter cutoff frequency versus termina¬ 
tion impedance for some of the filter designs in table 7. 
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AEA Brings You The RTTY Breakthrough 


NEW MBATEXT u $109.95 List / $89.95* VIC-20 MBATEXT or C-64 MBATEXT 


MBATEXT'* is the most advanced MBA (Morse, Baudot, ASCII) software plug-in cartridge 
available for the VIC-20 or Commodore 64 computer. Compare our outstanding features and 
price to the competition. 

• KEYBOARD OVERLAY instructions to avoid constant referral to the manual * RTTY and 
ASCI I SPEED ESTIMATE MODE • BREAK-IN CW MODE »QSO BUFFER RECORD TOGGLE 
»WORD PROCESSOR Style insertion, deletion, and correction in TEXT EDIT MODE • CW 
^ AUTO SPEED TRACKING plus SPEED LOCK • BREAK-IN BUFFER that is easy to use • Low 

speed FARNSWORTH CW TRANSMISSION (between 5 and 14 WPM) • RE-TRANSMIT 
RECEIVED TEXT DIRECTLY without need of disk or cassette • DISK. CASSETTE. OR PRINTER storage of message and QSO 
buffers • RECEIVE AND TRANSMIT 5-99 WPM MORSE • 10 SOFT-PARTITIONED™ MESSAGE (OR TEST) BUFFERS • WORD 
WRAP • TIME OF DAY CLOCK • PRECOMPOSE SPLITSCREEN OPERATION • STATUS IN Dl CATO RS on screen* EASY START¬ 
UP by simply typing SYS 44444 or SYS 33333 • DEDICATED FUNCTION KEYS tor quick operation • Ability to IMBED CONTROL 
FUNCTIONS in type-ahead buffer • WORD OR CHARACTER mode • SELECTABLE BAUDOT UNSHIFT ON SPACE (USOS) 
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CP-1 COMPUTER PATCH™ • POWERED BY HOST COMPUTER 


NEW MICROPATCH 


MICROPATCH'- IS A NEW LOW-COST, HIGH-PERFORMANCE Morse. Baudot and ASCII A 

SOFTWARE/HARDWARE computer interface package The MICROPATCH™ model MP-20 JL 

or MP-64 incorporates the complete MBATEXT software ROM (described above) for either 

the VIC-20 or Commodore 64 computers. AH circuitry and software is incorporated on a j' ' 

Single, plug-in cartridge module featuring the following: • TRUE DUAL CHANNEL MARK i ■' ^ 

AND SPACE MULTI-STAGE 4 POLE. CHEBYSHEV ACTIVE FILTERS • AUTOMATIC 
THRESHOLD CORRECTION for good copy when one tone is obliterated by QRM or tE ' 

SELECTIVE FADING • EASY, POSITIVE TUNING with TRIPLE LED INDICATOR * NOT a 
tow-cost. low-performance phase-locked loop detector!)* * SWITCH SELECTED 170 Hz or 
WIDE SHIFT on receive * 800 Hz multi-stage active CW FILTER * AUTOMATIC PTT • RTTY 

ANTI-SPACE • demodulator circuitry powered by external 12VDC fnot supplied) to AVOID OVERLOADING HOST COMPUTER 
and for maximum EMI ISOLATION • EXAR 2206 SINE GENERATOR for AFSK output • SHIELDED TRANSCEIVER AFSK/PTT 
INTERFACE CABLE PROVIDED * PLUS or MINUS CW KEYED OUTPUT * FSK keyed output. 

The Micropatch is structured tor easy upgrading to the AEA Computer Patch ™ advanced $149.95 List $129.95* 
interface unit without having to buy a different software package* Simply unplug the ___ „ MD - 
external computer interface cable (supplied with the Micropatch) from the Micropatch and ™l OF n/l H-b4 

plug it into the Computer Patch. 


COMPUTER PATCH 


COMPUTER PATCH™ is the name of our most advanced computer interface equipment lor 
y Morse. Baudot. ASCII, or AMTOR operation. The CP-1 will allow you to patch most of the 

$ popular personal computers to your transceiver when used with the appropriate AEASOFT “ 
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The CP-1 offers the following advanced and high quality features » HANDSOME ALL 
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double-sided glass epoxy through-hole plated boards, complete with L- 19 I 1 

solder mask and silk screened parts designators. 
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ohms from the equation in column f of table 1: 
/ = 6.0137(500) = 3007Hz . Use 3007 Hz as the cutoff 
frequency and R = 500 ohms in the following calcula¬ 
tions. (By a fortunate coincidence, in this particular 
case both the/and R values are virtually identical with 
the desired values. This will not always be the case, 
and it is up to the ingenuity of the filter designer to 
find an optimum combination of parameters that best 
satisfies the design requirements. This is one of the 
things that makes filter designing a challenge.) 

(d) Calculate the capacitance and inductance scaling 
factors, C s and L s where R and / are in ohms and 
Hertz: 

C s = l/(R f) == 1/(500)(3007) = 0.6651-10-6 

L s = R/f = 500/3007 - 166,3 10 -3 


(e) Calculate the L and C component values by mul¬ 
tiplying the normalized component values of design 
8, table 2, by the C s and L s scaling factors. Frequen¬ 
cies are obtained by multiplying the normalized fre¬ 
quencies of design 8, table 2, by the cutoff frequen¬ 
cy, 3007 Hz. The component and frequency values ob¬ 
tained are: 

Cl - 0.1289f (0.6651 • 10 6 ) - 0.0857 *iF 
C2 = 0.02561f (0.6651-10 6 ) = 0.01703 ^ 

C3 = 0.2084f (0.6651-10 6 ) = 0.1386 M F 

C4 - 0.1291f (0.6651-10 6 ) = 0.0859 pF 

C5 = 0.1819f (0.6651-10- 6 ) = 0.1210 pF 

C6 = 0.09836f (0.6651 • 10 6 ) - 0.0654 pF 

C7 - 0.08079f (0.6651 -10 6 ) = 0.0537 pF 

L2 = 0.19845H (166.3-10“ 3 ) - 33.0 mH 

L4,6 = 0.1323H (166.3-10 3 ) = 22.0 mH 

f A = 1.000 (3007 Hz) - 3007 Hz 

p 


table 1. Lowpass filters: inductor values and L2/L4 ratios with related parameters for selected 7th-degree elliptic designs 
where L4 = L6. [For filter construction using two potted 88-mH inductors and one modified 134-mH inductor.! 


design 

no. 

L2/L4 

ratio 

12 

L4,6 

R.C. 

(%) 

A p 

(dB) 

f A s 

A s 

(dB) 

R 

(ohms) 

f 

(Hz) 

(mH) 

1 

a 

1.250 

110.0 

88 

15.36 

0.1037 

1.3703 

64.50 

0.5279(f) 

1.894(R) 

B 

27.5 

22 

0.1320(f) 

7.577(R) 

2 

A 

1.300 

114.4 

88 

12.80 

0.07171 

1.3166 

59.16 

0.5515(f) 

1.8133(R) 

B 

28.6 

22 

0.1379(f) 

7.2532(R) 

3 

A 

1.333 

117.3 

88 

11.56 

0.05842 

1.2888 

56.19 

0.5689(f) 

1.7578(R) 

B 

29.3 

22 

0.1422(f) 

7.0313(R) 

4 

A 

1.380 

121.4 

88 

10.23 

0.04571 

1.2573 

52.61 

0.5947(f) 

1.6817(R) 

B 

30.4 

22 

0.1487(f) 

6.727 (R) 

5 

A 

1.400 

123.2 

88 

9.77 

0.04164 

1.2458 

51.25 

0.6060(f) 

1.6501(R) 

B 

30.8 

22 

0.1515(f) 

6.6Q05(R) 

6 

A 

1.440 

126.7 

88 

8.98 

0.03517 

1.2258 

48.77 

0.6293(f) 

1.5890(R) 

B 

31.7 

22 

0.1573(f) 

6.356 (R) 

7 

A 

1.460 

128.5 

88 

8.64 

0.03257 

1.2169 

47.64 

0.6411(f) 

1.5597(R) 

B 

32.1 

22 

0.1603(f) 

6.239 (R) 

8 

> 

1.500 

132.0 

88 

8.06 

0.02829 

'1.2012 

45.56 

0.6652(f) 

1.5034(R) 

B 

33.0 

22 

0.1663(f) 

6.0137(R) 


Notes 

1. The unpotted inductor (L2) has two 33.5 mH windings that can be connected in series or parallel aiding to give 134 or 33.5 mH, respectively. 
The potted inductors (L4 and L6) have two 22 mH windings which can be connected in series or parallel aiding to give 88 or 22 mH. Fig. 3 shows 
the series and parallel aiding connections. 

2. See fig. 1A for the schematic diagram and fig. IB for the typical attenuation response of the above filter designs. See table 2 for the normalized 
component values and frequencies. 

3. To obtain the L2 inductance values, remove an equal number of turns from both windings of the unpotted inductor in accordance with the follow¬ 
ing equations (as shown in appendix A): 

(a) for all "A" designs, T s 532 45.957\fl_. s , where T y is the number of turns removed from each winding (total turns removed = 2 T S , and 

/. the desired L2 inductance in the series-aiding connection. 

(b) for all "B" designs, f f} • 532 9/where T, is the number of turns removed from each winding (total turns removed -- 2 T p ), and 

/. s the desired L2 inductance in the parallel-aiding connection. 

For example, for /. s or / - 132 or 33 mH, remove four turns from each winding and connect the windings in the series or parallel-aiding connec 

tion, respectively. 
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f A = 1.201 (3007 Hz I = 3611 Hz 

2.233 13007 Hz I * 6715 Hz 
f 4 = 1.218 (3007 Hz) = 3663 Hz 

f 6 = 1.395 13007 Hz) = 4195 Hz 

with R = 500 ohms anti A„ = 45.6 dB 

As a check on the correctness of the values of 
(C2,L2), (C4, L4) and (C6 r L6), the resonant frequen¬ 
cies of these parallel tuned circuits can be calculated 
and should agree to within about 0.1 percent with the 
values of f 2i //, and f 6 calculated from the scaling 
procedure. 

filter construction 

Figs. 5A and 5B are photographs of the completed 
filter design 88. The inductors and capacitors are 
mounted on opposite sides of a 2 x 5-inch terminal 
board. The unpotted inductor is fastened to the ter¬ 
minal board with 3M Scotch™ tape, and the two 
potted inductors are mounted with their 1/4 inch 
mounting studs and Tinnerman dips. 

The tolerances of the shunt capacitors (Cl, 3, 5, and 
7) are not critical, and values within 5 percent of the 
design values are satisfactory. Two capacitors can be 
paralleled when necessary to obtain the required value* 
The calculated values of the resonating capacitors (C2, 
4, and 6) should be used only as a guide* This is be¬ 
cause the actual resonant frequencies of the three 
tuned circuits are of primary importance, while the ex¬ 
act values of capacitance are of secondary importance. 
The 88-mH value of the potted inductors is only no- 
minal, and it can vary as low as 86 mH. It seldom is 
greater than 88 mH. The winding capacities of the pot 
ted inductors in the 88 and 22-mH connections are 
about 68 and 176 pF, respectively. The winding capa- 
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fig. 5. The photographs of the completed filter show how the 
inductors and capacitors are mounted on opposite sides of 
a standard terminal board. The filter assembly can then he 
mounted in a standard 5 x 4 < 3 inch aluminum mini-bo*. 
In (41, the unpotted inductor (L2I is on the left followed by 
L4 and LG. fm (SI. capacitor Cf is on the left The common 
ground return wiring is at the top of the terminal board. 

cities of the unpotted inductor in the 134 and 33.5-mH 
connections are about 68 and 148 pF, respectively. The 
simplest procedure for tuning the three resonant cir¬ 
cuits of the elliptic filter is to assemble alt the filter corn- 


table 2. Lowpass filter: normalized component values and frequencies of selected 7th degree elliptic designs where 

i4= / 6. (Values are normalized for an f a cutoff frequency of 1 Hz and 1 ohm terminations.} 

■* P 


design 

L2/L4 

C 1 

C 2 

L 2 

C 3 

C 4 

L4&L6 

C 5 

C 6 

C 7 


h 

u 

u 

no. 

ratio 

(Farad! 

(Hen ryl 

(Farad) 

(Henry} 

(Farad} 

1 

1.250 

0,1760 

0,01627 

0,2083 

0.2671 

0.07819 

0.1667 

0.2439 

0.05647 

0.1438 

1.370 ' 

2.734 

1.394 

1,640 

2 

1.300 

0.1611 

0.0ia32 

0.2074 

0,2495 

0.08863 

0.1596 

0.2251 

0.0648? 

0.1254 

1.317 

2.582 

1.338 

1.564 

3 

1.333 

0.1535 

0.01964 

0,2063 

0.2402 

0.09552 

0 1547 

0.2152 

0.07047 

0 1155 

1.289 

2.501 

1.309 

1.524 

4 

1,380 

0 1448 

0.02141 

■ 0.2042 

0 2293 

0,1051 

0 1480 

0 2036 

0.07830 

0.1038 

1.257 

2 407 

1,276 

1.478 

5 

t 400 

0,1416 

0,02214 

0,2033 

0.2252 

0.1091 

0 1452 

0.1993 

0 08165 

0 09931 

1.216 

2.372 

1 264 

T .462 

6 

1 440 

0 1360 

0.02357 

0.2014 

0.2179 

0.1172 

0 1398 

0,1916 

0.08835 

0.09126 

1.226 

2,310 

1.243 

1.432 

7 

1 460 

0.1335 

0.02426 

0.2004 

0.2145 

0.1211 

0,1373 

0 1881 

0 09169 

0 08758 

1.217 

2.283 

1.234 

1.419 

8 

1 500 

0 1289 

0 02561 

0 19845 

0.2084 

0.1291 

0,1323 

0.1819 

0.09836 

0,08079 

■ 

1 201 

2 233 

1 218 

1,395 


Mutes 

1 Fig. 1A shows the interconnections of ihe capacitors and inductors Fig. IB shows The cutoff frequent y imj atluniMtum peaks i or responding 
in the t , and f2. t4. and W values. 

2 The normalized data 'nr the lilier design numbers m bus table also apply to similarly numbered designs in table 1 
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ponents except for the resonating capacitors, C2, C4 
and C6. Connect the partia/ly assembled filter between 
a signal source and a resistive load, both having the 
design impedance of the filter. Set the signal source 
to the frequency of the first resonant circuit to be tun¬ 
ed, and monitor the filter output voltage across the 
load resistor with an AC VTVM. Resonate the induc¬ 
tor of the first resonant circuit with a calibrated 
capacitor decade. Resonance will be indicated by a 
minimum reading on the AC VTVM. Read the 
capacitance required for resonance from the capacitor 
decade, and then place this value of capacity across 
the inductor using as many paralleled capacitors as re¬ 
quired. Repeat the same procedure for the other two 
resonant circuits. Using this procedure, it is possible 
to tune the resonant circuits to within 0.25 percent of 
the design frequency values. 

For optimum stopband performance, the ground 
leads of Cl, 3, 5, and 7 must be independent of each 
other to minimize any common ground impedance. 

testing the filter 

Fig. 6 shows the measured filter attenuation com¬ 
pared with the computer-calculated response. Close 
agreement between measured and calculated respon¬ 
ses in the pass and transition bands indicates that a 
good filter design and assembly procedure were us¬ 
ed. The lower-than-expected attentuation peaks at /?, 
f 4 , and /<5 are because of a common ground im¬ 
pedance in the ground leads of the four shunt 
capacitors. If separate ground leads are used from the 
shunt capacitors, the peak attenuation levels can be 
increased by more than 10 dB, This will cause the 
measured minimum attenuation A s levels to increase 
slightly. 
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RESPONSES OF ELLIPTIC LOWFASS 
FILTER DESIGN NO. 88 WHERE 
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fig. 6. Calculated and measured attenuation responses 
of the 3-kHz filter design example. 


The passband insertion loss is only 0.2 dB. This low 
value is due to the relatively high-Q inductors in the 

3 kHz to 8 kHz frequency range. For much lower cutoff 
frequencies, the inductor Q's will be lower and the in¬ 
sertion loss will be higher. 

obtaining surplus inductors 

The potted 88-mH inductors have been provided to 
the author at no charge by the C £t P Telephone Com¬ 
pany of Maryland for distribution to those Radio 
Amateurs wishing to build audio filters. The 134-mH 
inductors were purchased by the author and are be¬ 
ing offered at cost to those wishing to build the filter 
designs described in this article. Your request for in¬ 
ductors should be addressed to me and accompanied 
by a description of your filtering application and a 

4 x 9-1/4 inch SASE. 

summary 

Until now, the Radio Amateur has been hindered 
in using high-performance audio lowpass filters due 
to the lack of a simplified design procedure and a 
source of high-g and inexpensive inductors. This ar¬ 
ticle explains how these problems have been solved. 
By using computer-aided calculations, designs from 
a special family of elliptic lowpass filters have been 
derived that can use two surplus potted 88-mH induc¬ 
tors and one unpotted 134-mH inductor. 

Data was tabulated for eight 7th-degree elliptic 
lowpass designs suitable for the audio frequency 
range, and a simplified design procedure was 
demonstrated by designing and building a 3-kHz, 
500-ohm lowpass filter. Comparisons were made be¬ 
tween the measured and computer-calculated re¬ 
sponses to show that the design and construction pro¬ 
cedures were valid. It was explained how these design 
procedures usually result in non-standard impedance 
levels, and how this inconvenience can be alleviated 
by using padding resistors or inexpensive matching 
transformers. A source of surplus inductors for the 
filter construction was given, and a procedure was ex¬ 
plained for deriving an equation for modifying the un¬ 
potted inductor for a specific inductance. 
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appendix A 

For a series-aiding connection calculate the total number of turns, 

T (h as follows: 

(a) Measure the original inductance, L a , with the windings con¬ 
nected in series-aiding (SA) using an inductance bridge. An indirect 
method of inductance measurement is to resonate the inductor with 
a precisely known capacitance ( ±0.5 percent) while measuring the 
resonant frequency with a digital frequency counter. 9 Calculate the 
inductance from the equation: 

L (mW 25.33/(PC) (1) 

where / and C are in kHz and pF. 

Use coupling capacitors of approximately 500 pF each to isolate the 
tuned circuit from the signal generator and the AC VTVM. 

|b) Remove 50 turns from each winding and connect the windings 
in series aiding. Measure the modified inductance, L r 

(c) Calculate T () - 100 R/(H - I) (2) 

where R - V I. tt 7L r 

and T () - original number of turns on the unmodified 

inductor 

L () - original inductance (mH) in the series-aiding 
(SA) connection 

L, ~ inductance (mH) for the SA connection after 
100 turns were removed 

For example, if ~ 134 mH and L r = 110 mH for 50 turns re¬ 
moved from each winding, then R - 1.10371274 and T () - W64. 

The unique value of T () is used to find the equation that gives the 
total number of turns to be removed from any inductor (of the same 
type) in order to obtain a specific inductance. 

r„ = 0.5 (T„ .SVT v ) I3A) 

where .S' = (T„ - T,)/\fT r (3B) 

and T s - number of turns to remove from each winding 

to obtain L s 

/. v - desired inductance (mH) 

T () - previously determined number of turns on the 
unmodified inductor 
T, — total turns removed to get L, 

L r inductance (mH) when T, turns are removed 

Example: a 134-mH inductor has a T n - 1064, with L r -110 for 
T, 100 

S - (1064 - H)Q)/\J I JO - 91.914 

then T s -- 0.5 (1064 91.914V Iff) 

- 532 - 45.957\fT s 

For example, find T s to get 132 mH from the 134-mH inductor. 

T s = 532 - 45.957V1JI = 532 ~ 528.0 

4 turns removed from each winding. 

Total (urns removed — 8 

For a parallel-aiding connection: 

T p = T„/2 S\JT P (4) 


where T a and S were previously defined, and 

T f) = number of turns to remove from each winding 
to obtain L p 

L p = desired inductance (mH) 

T p = 91.914 e~Lp (5) 

Find Tp in order to obtain 33 mH from the 134-mH inductor with 
its windings in the parallel-aiding connection: 

T,, = 532 - 9i.9I4\ r 33 = 532-52S.0 
- 4 turns removed from each winding 

Total turns removed = 8 


appendix B 

Equations relating reflection coefficient and A p \ 

/?.C. (percent) = 100\/ 1 - 0. l x (1) 

where x ~ A p /10 and A p is the maximum passband ripple 
amplitude in dB. 

Ap(dB) = - 10 ■ log U )(l ~ Q 2 ) 12) 

where q ~ percent R.C./100 

For example, if R.C. = 8.058 percent, then A p - 0.0282913 dB. 


appendix C 

determination of filter 
matching pad resistances 

When the source impedance (Z v ) or load impedance (Z/J is within 
30 percent of the termination impedance required by the filter, a 
single resistor can be placed in series or parallel with Z s or Z/ to 
produce the termination impedance required by the filter. The slight 
loss in signal level can usually be compensated for by simply increas¬ 
ing the volume control on your receiver. For greater impedance dif¬ 
ferences, a suitable matching transformer must be used (see note 1). 

(A) When Z s or Z\ is less than the required filter termination im¬ 
pedance place a resistance in series with the Z s or Z i so that the sum 
of the two equals the desired filter termination impedance. 

(B) When Z s or Z/ is greater than the required filter termination im¬ 
pedance place a resistance in parallel with the Z v or Z L so that the 
parallel combination equals the desired filter termination impedance. 
If the added parallel resistance is “ R p , ” then: 

Rp = (S F)/(S - h) 
where S = source impedance and 

F - filter impedance with all values in ohms. 

For example, if a 500-ohm filter is to be matched to a 350-ohm 
source and a 600-ohm load, then place a 150-ohm resistor in series 
with the 350-ohm source, and connect a 3 kilohm resistor in parallel 
with the 600-ohm load. 

Note 1: A large selection of inexpensive audio transformers of different im¬ 
pedances at power levels of 0.075, 0.2, 0.4, and 2-watts output can be ob¬ 
tained from Mouser Electronics, 11433 Woodside Avenue, Santee, Califor¬ 
nia 92071 (714 449-2222). Prices vary from 79 cents to $1.20 for the 0.075 
to 0.4-watt levels and $2.30 for the 2-watt level. 
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CES INTRODUCES THE 
NEW 510SA "SMART PATCH” 

The State of the Art Simplex Interconnect 

Communications Electronics Specialties introduces the CES 510SA 
"Smart" Simplex Autopatch, with many important new features never 
available before: * Three digit control codes with user programming. 

• A sophisticated toll restrict provides positive long distance lock out. 

* Timeout and COR activity timers with warning beeps and digital pro 
grammtng * Rotary or DTMF dialing. ■ Phone line in use detector prevents 
interrupting a call in progress, and sends unique CW sequence • Phone ring 
detection logic enables unique CW sequence, * Digital programming of the sample 
rate and width, and noise gate sensitivity control, for easy interlacing wrlh most radios 
Simple and direct connections to radio. n 

Options available: * Smart CW identifier with unique CW messages tor each patch function 
• FCC type accepted phone line coupler * Special tone squelch kit to operate patch through 
repeaters 



I The 510SA —the newest advance in interconnect technology. Jrom the innovators at: 

Communications Electronics Specialties, Inc. 

Post Office Box 507 • Winter Park, Florida 32790 
<305) 645 0474 * Toll-free (for orders only): (800) 327-9956 
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FREE' CABLE LOSS CHART 
IN WINTER CATALOG 

NEMAL ELECTRONICS 

COAXIAL CABLE SALE 

POLYETHYLENE DIELECTRIC 
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CONNECTORS MADE IN USA 

AmpmtnW Pi 7&9 79* 

PL J59 Oust! (Iff JfttpTflt STICII 10/S3 69 

PL ?59infl/OrSO ?39 to/|b 69 

DouO-'if Mjic Connevlni SI 79 

Pi ;|iBhuL|t)»r Fffrnaur Connector 98' 

PL jitS.itv&f telion Kingr. Si 59 Gd 

Kertjtff UG 1 7b oM 76 10/ St 99 
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shipping ■ “ * '■ '" C-.i'.j . 

Cable — $3.00 per TOO ft, 

Connoctots — add 10 V, 13.00 m/rtrmuvn. 

Orders under $20 add $2 additional plus shipping. 
COO add $2 OQ Florida Residents add 5%, 

NEMAL ELECTRONICS 

Pep! 12240 N.F Wh Ava.. N Ft 33181 

U leph on 91 ( 305) 8 93 3924 



MODEL 4381 RF POWER ANALYST 

This new generation 
RF Wattmeter with ninemode 
system versatility reads.. 

IN STOCK QUICK DELIVERY 

AUTHOR 1 £ ID ftiiyi O*5TII*UT0t 




associates 

116 BELLARMINE 
ROCHESTER. Ml 48063 


CALL TOLL FREE 

800-521 -2333 

IN MICHIGAN 313 - 375 0420 


The Best \ 
Got Better 


/auDia'faiaum offers ^ 
J the best in self-instructional 
J foreign language courses using 
audio cassettes — featuring 
those used to tram ITS State 
Dept personnel 1 in Spanish, 

French, German, Portuguese. 
Japanese, Greek, Hebrew. 

Arabic, Chinese, I 
Italian, and ■•©3 til 

more a foreign 

language on 
your own ! Catalog 

Call (203) 453-9794 or fill out 
and send this ad to - 

Audio-Forum 



Room 148 On ihe-Green 
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Guitlord CT 06437 
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Name 
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■ 

| Address 1 
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1 

■ 

City 



State/Zip ^in 

I nm particularly miorestiKt in {rtieck choice} 

Q Spanish O Ffffich □ German □ Polish 
O Greek □ Russian □ Vietnamese 
^ □ Bulgarian □ Turkish □ Hausa 
%U Olher __ 


More Details? CHECK OFF Page 108 
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Shown abo* e is just one erf the tlvee new smarter handhelds from SAN TEC the 
ST-142 VHf„ the ST-442 UHF and the ST-222 vhF Owners of earlier SAP TEC models 
ST-144, ST-440 and ST-220, please write for information on how ypur SANTEC 
Handhelds c sn be upgraded to the new state of the art m handheld transceivers 



SANTEC 

THE HANDHELD TRANSCEIVERS 


1983 r Encomm, Inc. 

2000 Avenue G. Suite 800, Plario. Texas 750?-s 
Phone (214) 423-0024 * TLX 79-4783 ENCOMM DAL 

Repairs, Parts & Servues Available .. L '. 1 

Export or dm invited 

All stated specrficatjons are subject to change without notice or obligation 




the smarter 



FOR 144 VHfj 220 VHF & 440 UHF 


SANTEC Handhelds just got a little smarter, with new com¬ 
pute r-controf software designed by U S. Hams who are also 
professional programmers. Now SANTEC Handhelds, which 
were the first to offer you varactor diode tuning in a hand¬ 
held, first to offer you thick-film technology first to provide 
3.5W as a selectable handheld option and first to give you the 
time of day on a handheld read-out, have made another user- 
fnendly leap forward in the logical progression of computer- 
controlled handhelds. 

Now three SANTEC Handhelds can lock out selected memory 
channels from the memory scan, allowing you to check your 
favorite frequencies much faster, without interruption from 
less commonly used ones or from unprogrammed memory 
channels, SANTEC Handheld's new operating programs now 
allow you to store variable offset values in ail 10 user-written 
memory channels; and, as always with SANTEC Handhelds, 
your stored offset automatically comes back when you select 
a channel through the memory mode, and the plus or minus 
indication shows on the LCD display 

Other new features are the provision in Memory 9 for split 
memory offset operation, for those really unusual offset situa¬ 
tions, and the capacity for hardware storage of a special PL 
tone for each memory channel (requires an optional 
encoder, available December, 1983) The new SANTEC Hand¬ 
helds will also accept the keyboard input of all frequencies as 
either short, fast 4-digit numbers or the familiar 6-digit ver¬ 
sions: your SANTEC Handheld is smart enough to know what 
you want, either way 

The handhelds with the most now have more for you Don't 
you dare settle for anything less, get your hands on a SANTEC 
Handheld today! 


? 



The Smarter Handheld*, clockwise from upper left ST-142 VHF Transcefver, 
ST-442 UHF Transceiver; ST-222 VHF Transceiver, operating from the ST-4QC 
Quick-Charge Battery Charger & Power Supply, ST-LC Leather Case and 
Strap; ST-MC Mobile Charger, MS-5 OS Remote Speaker; ST 50QB3 
Rechargeable 500 rnAhr NiCd Battery Pack, ST-CC External Charge Adapter, 
SM-3 Speaker Mic, ST KA1HBM1 Head Set Boom Mit & Adapter 










































































TELEX COMMUNICATIONS, INC. 

9600 AWncii Aw, So . Mimeapoks. MM 55430 U S A 
Eirope U Bonoperte^Offic^ 711 Centre Affara Pans Nom, 33153 Le Btonc-Mesn.1 France 


Hy-Gain Verticals that work tho world 
si bettor Amateur Dealers. 


MMI 9HM.1AVHI SHU OAVH 


Other Hy-Gam vertical multiband, antennas are available though 
not shown here The 12AVGS (20, 1 S. 10 meter) is similar to 18AVT 
above but with VSWR of 1 5 1 or less on ail bands The 18VS 180- 
10 meter) comes with a base loading coil and may be installed on a 
short mast driven into the ground Alt include stainless steel 
hardwa re 


PHASE FOR GAIN 


Any two identical Hy-Gam verticals can be phased lor 
excellent gam and directivity A great system for beam 
performance on 40. flO and 160 meters or for 10. 15 and 
20 meters where space is limited Send for our free 
technical report Phased Verticals 


m m 


[ m m Hy-Gain broadband vertical 

antennas load the new auto-tune solid 
state rigs, require minimal space and provide 
low angle radiation without the expense 
or the problems of support structures. 

1 BAVT/WBS {80-10 meters) The mosl succesalul vertical antenna 
of all and for good reasons Broadband performance covers the 
40, 20. 1 5 and 10 meter bands in their entirety. Automatic 5 band 
switching is accomplished by mechanically superior, highly efficient 
factory tuned Hy-Q traps with large colls for consistent perform¬ 
ance at 2:1 or lower VSWR on 40-10 meter band edges, band¬ 
width on 00 meters is approximately 40 kHz with VSWR below 2:1, 
A factory tuned matching network for 50 ohms Impedance is dc 
grounded for lightning protection and reduced precipitation static 
The mechanical integrity of this antenna is so stable that perform¬ 
ance does not change with the weather. The 18AVT withstands 
winds to 80 mph (128 km/h) without guying All stainless steel 
hardware is included. 

14AVQ/WBS (40-10 meters) Offers very similar construction and 
the same excellent broadband performance as iQAVT over the 
entire 40, 20. 15 and 10 meter bands; automatic band switching 
with mechanically superior large-coil Hy-G traps and very tow 
angle radiation pattern. The smaller, low visibility size also makes 
the 14AVQ very suitable for roof mounting. The optional 14RMQ 
roof mounting kit includes base plate, mast and radial/guy wires 
All antenna hardware is stainless steel 

18 HTS {80-10 meters 160 meters with optional loading coil) The 
superb reliability of the 18 HTS is manifest in installations now 
over 20 years old. And, with the improvements we made over the 
years, the 18HTS is now better than ever Automatic band selec¬ 
tion is achieved through a unique stub decoupling system which 
effectively isolates various sections of the antenna so that an 
electrical % wavelength (or odd multiple % wavelength) exists on 
all bands For example, outstanding broadband performance on 
20* 15 and 10 meters is achieved with an extended V* wave colli- 
near On 80 meters bandwidth is approximately 250 kHz at 2:1 
VSWR With the optional base loading coil exceptional performance 
is also provided at 160 meters The galvanized tower requires no 
guying and withstands winds to 100 mph 1160 km/h) A special 
hinged base allows complete assembly at ground level and permits 
easy raising and lowering Includes stainless steel hardware 
WARC kits to be available. 


More Details? CHECK OFF Page 108 
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THE ULTIMATE SCANNER RADIO 
HAS ARRIVED. 

Starting today, we're standing the 
scanner radio on its ear. Because 
we've forged ahead—way ahead- 
in radio frequency and digital 
technology. 

Introducing the 
Bearcat"’ CompuScan™ 2100. 

It's the first scanner radio 
designed to put the power of a 
personal computer to work for you. 

Now you can scan up to two hundred 
channels. Stack levels of priority so 
you'll hear vital calls in order of 
importance. Automatically search, 
store and count transmissions for 
accurate "pictures" of activity 
within frequency limits you select. 

And with automatic video memos 
you’ll know more than you've ever 
known before. The channel user, 
special codes, jurisdictions, phone 
numbers, alternate frequencies— 
any information you've pro¬ 
grammed is automatically 
displayed when the channel 
is active. 

With ten bands including 70- 
centimeter, 2, 6 and 10 meter 
FM Amateur, Military Land Mobile, 

AM Aircraft, plus Low, High, 

UHF and UHF-T bands. 

For a real earful—and eyeful— 
see your Bearcat scanner dealer For 
the name of the dealer nearest you, 
just call 1 -800-S-C-A-N-N-E-R. 
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high frequency receiver 

performance 


Understanding 
and specifying 
good receiver operation 

Receiver performance and the means for its 
specification is a complex and frequently misunder¬ 
stood topic, for it involves many different and often 
unrelated parameters, all of which are important to 
the overall performance of the receiver. (For exam¬ 
ple, it's no good having exceptional sensitivity if the 
receiver drifts excessively.) When specifying per¬ 
formance, it is important that all parameters be speci¬ 
fied accurately and completely. Many manufacturers 
and reviewers have been guilty of specifying per¬ 
formance inadequately, with ambiguous and mis¬ 
leading results. For example, the frequently quoted 
“sensitivity 0.5 is meaningless, and “0.5 /A/ for 
10 dB“ is not much better. 

It is interesting to note that the importance of 
some performance parameters (e.g., intermodulation 
and reciprocal mixing) have only recently been fully 
appreciated and understood. Also certain receiver 
design changes have actually been responsible for 
reducing performance: for example, the direct 
replacement of tubes by bipolar transistors in the late 
1960's, and the current widespread use of frequency 


I synthesis, which can introduce spurious receiver 
responses if not designed with special care. 

noise and sensitivity 

One of the fundamental concepts underlying re¬ 
ceiver performance is that of noise. So before we 
examine performance parameters — what they 
mean, how they are specified, and how they can be 
improved — we'll take a brief look at the physics of 
noise. 

Thermal noise is due to the random movement of 
particles in the effective impedance at the input to 
the receiver at ambient temperature. It cannot be 
avoided (except by cooling the whole antenna sys¬ 
tem down to near absolute zero) and is even present 
if a shielded 50 or 75 ohm resistor representing the 
antenna impedance is plugged into the receiver input. 
It is given by: 

V = \f4kTBR (1) 

where: V = RMS noise voltage 

k = Boltzmann's constant 
T ~ temperature in degrees Kelvin 
B = receiver bandwidth in Hz 
R ~ resistance/impedance in ohms 

For a given antenna impedance and a nominal am¬ 
bient temperature (taken as 300 degrees K or 27 

By J.A. Dyer, G40BU, Hillview, 27 Bath Road, 
Ashcott, Somerset, England 
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degrees C), the only way to reduce the thermal noise 
is to reduce the receiver bandwidth. For a 50 ohm im¬ 
pedance, ambient temperature of 300 degrees K, and 
a bandwidth of 3 kHz the above expression works 
out as: 

V = y/(4)(l- 38 x 10-23) (300) (3000) (56} 

= 0.05 fiV (EMF) = - 26dBfxV 

where a dB/xV is a dB relative to 1 microvolt (EMF). 

Sensitivity is expressed as the smallest signal re¬ 
quired to give a specific signal-to-noise ratio (S/N),* 
in a particular receiver bandwidth, and in the case of 
AM, for a given modulation level. In the days of noisy 
tubes, good sensitivity was hard to achieve without 
compromising other performance aspects. Now with 
bipolar transistors and FETs, sensitivities of 0.5 /xV 
for a 10 dB S/N ratio in a 3 kHz bandwidth, can easily 
be achieved on HF for an SSB or CW signal. As AM 
is usually specified at 30 percent modulation level, 
the figure will be 10 dB (3.16 times) worse than the 
SSB/CW figure; in this case, 1.6/xV (EMF). 

Noise factor (NF) can be defined as the ratio of the 
S/N of a hypothetically perfect (noiseless) receiver to 
that of a real receiver, which adds its own noise to 
the thermal noise. Since it is the ratio of two ratios 
it is independent of bandwidth, temperature, and 
impedance. 

Typical HF spectrum noise voltages within a 3 kHz 
bandwidth are shown in fig, 1 . We see at -26 dB/xV 
the thermal threshold noise, and also the receiver 
noise for a NF of 10 dB, at - 16 dBjxV. To achieve a 
S/N of 10 dB a signal will need to be at -6 dBjxV or 
0.5 jxV, which means that an NF of 10 dB is 
equivalent to a sensitivity of approximately 0.5 ix\l for 
a 10 dB S/N in a 3 kHz bandwidth. 

However, the most significant conclusions to be 
drawn from fig. 1 are concerned with atmospheric 
noise. This is plotted on fig. 1 for a quiet area at a 



fig. 1. HF spectrum noise In a 3 kHz bandwidth. 


"In fact it's more appropriate to quote signal +■ noise to noise (S +- N/N) or 
even signal * noise + distortion to noise + distortion (StNAD). Note for an 
S/N of 10 dB or more there is little difference between the three terms. 


quiet time, and is between 5 and 25 dB above receiv¬ 
er noise; consequently for a receiver with a noise 
figure of 10 dB it is the atmospheric noise, not re¬ 
ceiver noise, that limits receiver performance. Indeed 
the NF could be increased to 15 dB (I^V EMF sensi¬ 
tivity) without loss of performance, except perhaps 
at 25 to 30 MHz. There is, therefore, no point in re¬ 
ducing the NF below 10 dB — especially as sensitiv¬ 
ity can only be obtained at the expense of dynamic 
effects such as intermodulation. It is also worth 
noting that claims of 0.15 /xV (EMF) for 10 dB S/N 
(seen recently for an SSB transceiver) are quite im¬ 
possible. Even a perfect receiver with a 0 dB NF 
needs 0.16 /xV ( - 16 dB/xV) to achieve 10 dB S/N due 
to the thermal threshold of - 26 dB/xV. 

From fig. 1 it can be seen that under real operating 
conditions a receiver with a sensitivity of 0.5 /xV 
will in fact need between 1 /xV (at 30 MHz) and 10 /xV 
(3 MHz) for a 10 dB S/N ratio on HF — and this for a 
quiet atmosphere (and no QRMH 

The above discussion considered noise voltage in a 
3 kHz receiver bandwidth. However, noise is propor¬ 
tional to the square root of the bandwidth. Thus if 
bandwidth is reduced from 3 kHz to 300 Hz, all noise 
voltages (thermal, receiver, and atmospheric) drop 
by a factor of ^/lO or 3.16 times (10 dB). This explains 
the continuing use of CW in the HF bands; a CW 
signal can still be copied when SSB would be lost in 
the noise. In fact, some operators can copy a CW 
signal with a S/N of around 0 dB, so the advantage 
over SSB can be as much as 20 dB 1 . Thus sensitivity 
for the same (10 dB NF) receiver can be quoted as 
0.05 /xV for 0 dB S/N in a 300 Hz bandwidth. 

Note that all voltages above are EMF (Electro¬ 
motive Force). Recently it has become common to 
specify sensitivities and other parameters using 
potential difference (PD) instead. This practice 
makes sensitivity figures look twice as good (6 dB 
better) because, in a matched impedance system, 
PD is a/ways half EMF (see Appendix). Care must 
therefore be exercised when interpreting receiver 
specifications; often the distinction is not made 
clear, usually indicating that PD is intended (see 
dynamic range for explanation). 

selectivity 

Selectivity used to be achieved by means of dis¬ 
tributed tuned circuits in the IF strip, and to obtain 
good selectivity a low second IF was required (for ex¬ 
ample, 455 kHz). Selectivity is now usually obtained 
by means of crystal, mechanical, or ceramic block fil¬ 
ters. The ideal filter response has a flat top with low 
ripple, and steep sides going down to a -70 dB (or 


tlf one considers that the human ear consists of a contiguous series of ex¬ 
tremely narrow high Q filters (less than 30 Hz) then perhaps the ear/brain 
combination always works with a positive S/N ratio for intelligibility. Editor 
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greater) stopband, and extending a long way out 
(see fig. 2). 

The old constraint of a low second IF no longer ap¬ 
plies. In fact, it is easier to design crystal filters for 
higher frequencies; IFs of 1.4, 1.6, 9 and 10.7 MHz 
often being used. 

Selectivity is usually quoted at the nose bandwidth 
(6 dB down), and the skirt bandwidth at 60 dB down. 
Good values for an 8 pole SSB filter are 2.7 kHz and 
4.4 kHz, respectively. One measure of filter per¬ 
formance often quoted is the Shape Factor (SF), 
which is the ratio of the skirt bandwidth to the nose 
bandwidth. The ideal SF is 1:1, and anything less 
than 2:1 for a 3 kHz SSB filter is considered good. 

Mechanical and crystal filters can get quite close to 
the ideal, and some less expensive ceramic filters 
give surprisingly good results. Impedance matching 
into and out of a filter is of great importance and in¬ 
sertion loss (the loss caused by the filter in the middle 
of the passband) must be made up by amplification 
(usually less than 10 dB). A typical set of filters for a 
high grade communications receiver might be 8 kHz 
(AM), 2.7 kHz (SSB) — often with two asymmetrical 
filters, one for USB one for LSB — and 1.0 kHz, 300 
Hz, and 100 Hz for CW. The trend in Amateur equip¬ 
ment is for the tightest possible SSB filter (2.4 kHz), 
and often 600 Hz or 300 Hz for CW are used. 

The above refers to what could be called the 
“static" selectivity of the receiver, or the selectivity 
to a single signal only. For a discussion on dynamic 
selectivity see the section on reciprocal mixing. 

As an interesting aside, consider the use of the 
audio CW filter, often used by the Amateur fraternity 
in lieu of a good CW filter at the IF. (The best filter of 
all, of course, is the human brain; a good operator 
can pick out and copy a weak CW signal in company 


with numerous other signals because of the differ¬ 
ence in tone. Many experienced CW operators prefer 
to listen in a wide bandwidth and do their own filter¬ 
ing even when sharp CW filters are available.) How¬ 
ever, the audio image frequency (see fig. 3) will also 
give an output of exactly the same tone, and even 
the “human filter" will find it impossible to differen¬ 
tiate. But this is exactly the frequency that the audio 
filter cannot differentiate, either! Also, unless AGC 
voltage is at least partially audio-derived, strong un¬ 
wanted signals in the IF passband will reduce the IF 
gain, hence reducing post-filter dynamic range. 

Nevertheless a good multi-pole audio filter can be 
beneficial, especially if a linear detector is being used. 
(A product detector is linear; an envelope detector is 
not.) Also, if a steep-sided SSB filter is available, the 
audio image can be rejected if the BFO injection is 
made to coincide with the edge of the passband. 

Image (second channel) rejection. In the normal 
superheterodyning process, a wanted signal (Fs) 
beats in the mixer with the local oscillator (or syn¬ 
thesizer output) frequency (Flo), anc ^ one °f the 
resultant products of the mixing process, usually 




February 1984 


35 







Flo~ F$, at the intermediate frequency (IF), is pass¬ 
ed by the IF selectivity filter. 

However, another frequency called the image or 
second channel frequency (Flq + F|f) also beats with 
the local oscillator frequency to produce a product at 
the IF. This frequency must be rejected by some 
form of RF tuning, either ganged to the “tune" con¬ 
trol or using a separate "pre-select" control; or by 
means of switched bandpass filters, usually auto¬ 
matically switched on synthesized receivers. 

As the image frequency is equal to F$ plus twice 
the IF, the higher the first IF, the further away from 
Fs will be the image frequency, and the easier it will 
be to reject. If up-conversion techniques are used, 
the first IF will be in the range 40 to 90 MHz and the 
image frequency will also be at VHF and thus can be 
rejected by a simple 35 MHz low-pass filter at the 
receiver input. 3 

Image frequency rejection is specified as the ratio 
in dB of an unwanted signal above 1 /zV to give the 
same output as the received 1 jzV signal. 50 dB of re¬ 
jection is considered poor, while 80 dB or more is 
desirable. 

IF rejection 

IF rejection occurs when a strong signal at a 
receiver IF directly breaks through the early stages 
and into the IF. It is specified in the same manner as 
image rejection with 80 dB being a desirable number. 
It should be quoted for ail the IFs in a receiver. Often 
in a double conversion receiver the figure for the se¬ 
cond IF is worse than that for the first IF. Good 
screening is necessary between IF and RF stages, 
and IF traps in early pre-IF stages can be employed to 
reduce IF breakthrough. Taken together, IF and image 
rejection are sometimes referred to as "rejection to 
externa! spurii." 

dynamic effects 

Dynamic interference effects such as intermodula¬ 
tion and cross-modulation have often been largely ig¬ 
nored in the past, and only in the last ten years or so 
has their true importance been understood. It has to 
be said that the replacement of tubes by bipolar 
transistors in the 1960s made the situation worse.* In 
general, dynamic effects are caused by large off-tune 
(off frequency) signals that cause the receiver to 
operate in a non-linear manner. It is these effects 
(together with reciprocal mixing) that currently deter¬ 
mine the performance of the communications re¬ 
ceiver rather than the traditional parameters of sen¬ 
sitivity, selectivity, and stability. 

dynamic range and 
intercept point 

Dynamic range can be loosely described as the 



fig. 4. Intercept point is determined from the intersec¬ 
tion of the fundamental and third-order response curves. 


range of input signals over which dynamic inter¬ 
ference effects produce outputs which are not signi¬ 
ficant (i.e., which are below the noise floor). In order 
to arrive at a suitable definition for dynamic range, 
consider the intercept point as shown in fig. 4. This 
occurs because the power level of the dynamic pro¬ 
duct increases at a greater rate than that for the 
wanted signal. Second order products increase as 
the square of the input (twice as many dB), and third 
order products as the cube (3 times in dB). (Third 
and second order products will be dealt with in 
greater detail when discussing intermodulation.) 

Dynamic range can then be usefully defined as 
two-thirds of the difference in level between noise 
floor and the intercept point, or alternatively as the 
difference between the fundamental response input 
level and the third order response input level as 
measured along the noise floor (see fig. 4). These are 
by no means the only methods of specifying dynamic 
range, and care must be taken in interpreting manu¬ 
facturers figures. Using the above method of defini¬ 
tion a dynamic range of 90 to 100 dB for 3 kHz band¬ 
width with an intercept point of 120 to 140 dB/xV ( + 7 
to -1-27 dBm), can be considered good. Note that 
because dynamic range — by definition — depends 
on the noise floor level, it will increase as bandwidth 
is reduced. Intercept point is sometimes specified (as 
are other parameters) in dBm, where a dBm is a dB 
relative to 1 mW into the system impedance (usually 
50 ohms). 0 dBm (50 ohms) equals 224 mV PD 
(Potential Difference), or 113 dB/nV, thus to convert 
from dB/xV to dBm (50 ohms) simply subtract 113. 
(E.g., 0 dBfiV = 1 fiV EMF = 0.5 (xV PD is -113 
dBm). Note: dB/xV is dB relative 1 /zV EMF. 


‘Readers are urged to consider the outstanding intermod performance 
achieved by using FETs these days. Editor 
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If it takes the latest in 
technology to satisfy you 

Keep your eye on Falcon, THE name in 
American MOSFET RF Power Amplifiers 

For those who demand quality 


Mobile Power Amplifiers: 

4101 Complete 2 meter HT accessory-AII mode RF power amp M 

2W in“25W out, 50W out maximum; regulated power supply for HT; 
4W speaker amplifier. Optional RX preamp. $215 

4102 Complete 2 meter HT accessory—All mode RF power amp,, 

2W in = 100W out; regulated power supply for HT; 4W speaker 
amplifier. Optional RX preamp. $325 

4103 All mode 1G0W 2 meter power amp. —For transceivers up to 
25W, 2W in = 30W out, 1Q0W in = 90W out. Optional RX preamp. $225 

4104 All mode 100W 220 MHz power amp —For transceivers up to 
25W, 2W in = 25W out, 10W in = 70W out. Optional RX preamp. $235 




Mobile Power Amplifier Accessories: 

4106 Amplifier remote control—Controls 4103 or 4104 
amps mounted away from operating position. 

With 16' cable. $32 

4109 Plug in 2 meter RX preamp. 12 dB gain. 

2dBNF $36 

4110 Plug in 220 MHz RX preamp, 12 dB gain, 

2,5 dB NF $39 


Useful Station Accessories: 

4116 2 meter RX preamp—Pull in the weak ones. 16 dB gain, 

2 dB NF. Auto. T/R switching. No transceiver mods. $63 

4117 Twin 40 dB RF coupler—Two attenuators bridge a thru line. 

Connect signal generators, spectrum analyzers, etc., without fear of 
accidental damage from TX power, $42 

4118 Splice Kote—Special thermo-plastic inner coating in heat 

shrink tubing weather seals coaxial fittings, rotator cable splices, 
etc. Enough material for 5 to 15 seals. $12 




Protected territories offered to selected dealers 



■ALCON 

COMMUNICATIONS 
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(415) 851-8779 
P.O. Box 620625 
Woodside, CA 94062 
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No. 90651-A GRID DIP METER 

1 7 to 300 MHz standard 
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DESIGN EVOLUTION IN RF P.A.’s 

Now with 
GaAs FET 
Preamp 

irtT — * - ’’W' 

: a- F / /j/f/f/A/ 


Linear (all mode) RF power amp with 
automatic T/R switching {adjustable 
delay) 

■ Receive preamp option, featuring 
GaAs FETS (lowest noise figure, bet¬ 
ter tMD), Device NF typically .5 dR. 

' Thermal shutdown protection incor¬ 
porated 

► Remote control available 

i Rugged components and construc¬ 
tion provide for superior product 
quality and performance 

i Affordably priced offering the best 
performance per dollar 

■ Designed to ICASrafings. meets FCC 
part 97 regulations 

» 1 year transistors warranty 

* Add $5 for shipping and handling 
(Cent. U.S.), Calif, residents add ap¬ 
plicable sales tax, 

1 Specif ications/price subject tochange 
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m 
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S 

141Q 
141 OG 

144 
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10 

225 

265 

1412 

1412G 
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30 

199 

239 

2210 

2210G 

220 

130 

10 

225 

265 

2212 

2212G 

220 

130 

30 

199 

239 

4410 

4410G 

440 

too 

10 

225 

265 

4412 

4412G 

440 

100 

30 

199 

239 


1 Models with G suffix have Gafts FET pre¬ 
amps. Non-G suffix units have no preamp, 

2 Covers full amateur band Specify 10 MHz 
Bandwidth lor 420-450 MHz Amplifier. 

+SEND FOR FURTHER INFORMATION* 

TE SYSTEMS 

TE P.O. Box 25945 

civttTPiiuics Los Angeles, OA 90025 

| SYSTEMS | (2 , 3}4 ^ 8K)591 


No. 90652 
SOLID STATE DIPPER 

W" $210,00 No power cord 

Complete with carrying case and 7 coils 


Exclusive Manufacturer of 
MILLED Equipment 


CAYWOOU 

ELECTRONICS* I JVC. 


P 0 Drawer U 
Malden, MA 02146 0921 


(617) 322-4455 


Custom Matting Lists on Labels 1 

Amateur Radio Operator NAMES 

Custom Usi*- • r nnpiiH j r! lo yn«r spcit 'FieniiOiTS 

- Geographic ny ZIP imt) or State 

* By License Issue or E vpirahOTi pule 

* On Labels oi Your Choice 

Total List: 435.QGQ Price: $25/ThOUSand 

Buckmaster Publishing ^ 116 

WhrtehaM ^ 1 
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IN 
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fig. 5. Example of second-order IMDs. 



fig. 6. Example of third-order IMDs where 2F, beats with 
F 2 to produce a response at 10.0 MHz. 


intermodulation 

Intermodulation product distortion (IMD) occurs 
when two large unwanted signals beat together 
(inter-modulate) in a non-linear receiver stage, to 
produce a product at the wanted frequency. 

Second order intermodulation products equate to 
Fi ± (where Ft and F 2 are the two unwanted fre¬ 
quencies). This process is shown in fig. 5 where the 
two unwanted signals are at 11 and 21 MHz causing 
a beat at 10 MHz. (Signals at 6 and 16 MHz or 3 and 7 
MHz would produce a similar product.) 

One point to note about second order IMDs is that 
at least one of the unwanted signals must be outside 
the passband of any octave filter response that in¬ 
cludes F$ and consequently can be rejected by any 
reasonably tight RF tuning, such as a good octave 
filter or sub-octave (less than an octave) filter. 

Third-order intermodulation products are equal in 
frequency to Fi ± 2 F 2 . Thus both signals can be very 
close to the wanted signal, and well within the RF 
passband regardless of the type of RF tuning in use. 
This is seen in fig. 6 where signals at 10.4 and 10.8 
MHz produce a third-order IMD product of 10 MHz. 

Intermodulation performance is typically speci¬ 
fied as the levels of two unwanted signals not less 
than 20 kHz off tune (off the main signal frequency) 
to give a 0 dB/xV (1 jxV EMF) response. A good 
receiver will have a third-order IMD performance of 
70 to 90 dB/xV. A statistical analysis based on data 
relating to actual signals received over the whole of 
the HF band on wideband (rhombic) antennas 1 * 2 indi¬ 


cates that at least 90 dB is required. As specified 
above, this corresponds to a dynamic range of 100 dB 
and an intercept point of 134 dB/xV or +21 dBm (50 
ohms), as shown in fig. 7. It is easy to see why such 
a figure is needed. 90 dBjxV corresponds to 32 mV 
EMF and at almost any time there will be tens of 
broadcast (and other) stations putting between 10 
and 100 mV onto a wideband antenna, with hun¬ 
dreds of others in the range 1 to'10 mV (EMF)! 

Second-order IMD performance, often not stated, 
can sometimes be misleading. Second-order per¬ 
formance can be poor enough to present a real prob¬ 
lem even with good third-order performance if a 
wideband antenna is used without an antenna tuning 
unit (ATU). This is due to the use of unshielded octal 
filters of less than perfect performance. Levels similar 
to third-order performance are required. 

In-band intermodulation occurs when two signals 
within the IF passband beat (mix) to produce extra 
products. It is normally of little significance in HF 
communications except where multichannel “Voice 
Frequency Telegraphy (VFT)“ systems such as “Pic¬ 
colo" are in use. A typical level of performance for a 
good receiver is for a product of -40 dB with 
reference to two in-bands signals. 

Cross modulation occurs when modulation from 
an unwanted signal transfers itself across and 
“modulates" the wanted signal. Again this is due to 
non-linearities in the early receiver stages, and some¬ 
times the same modulation will reappear on each ad¬ 
jacent signal tuned in. Cross modulation is a third- 
order effect, so good third-order IMD performance 
will tend to mean good cross modulation perform¬ 
ance (see fig. 8). 

Cross modulation may be specified as the level re¬ 
quired in dB/xV for a 30 percent modulated carrier 
greater than 20 kHz off channel to cause 3 percent 
cross modulation. A level of 70 to 90 dB/xV is con¬ 
sidered good. 

Blocking, or de-sensitizing, is similar to cross 
modulation, but in this case the large off-channel 
signal causes a reduction in wanted signal output. It 
is specified as the signal required to reduce wanted 
output by 1 dB. It can often be caused by a strong 
CW signal, causing gain to go up and down with the 
keying. 90 to 110 dB/iV is considered good per¬ 
formance, for a 1 mV (EMF) signal. 

causes and cures of 
dynamic effects 

Dynamic effects are caused by large off-channel 
signals driving the receiver into non-linearity. There 
are three fundamental methods of improving per¬ 
formance: (a) preventing the off-channel signals 
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a performance specification 


This detailed specification indicates the performance required for a "very good" receiver. Additional 
parameters not mentioned previously, such as audio output power, have been added for completeness. 
Note that specifications like this should state worst-case figures (maximum or minimum values that are ac¬ 
ceptable when the receiver is being tested); in some cases, however, "typical" values are used instead 
This will at first sight make the receiver seem considerably better: for example, a worst'Case IMF of 10 d8 
will often (typically) be 1 dB It is therefore important to establish whether a true specification or a list of typ¬ 
ical values is meant. The specification below uses worst-case figures. Note dBjiV is dB relative to 
1 iN EMF, 


specification 

frequency coverage §0 kHz to 30 MHz (continuous coverage, using full synthesis] 
frequency display 7 digit, resolution 10 Hz 

reception modes CW, FSK 1RTTYI, SSB IUSB end LSB), 156, AM. NBFM 
input impedance 60 ohms 

sensitivity SSB, CW, ISB - 0 5#rV EMF for 10dB SINAD in 3 kHz 


(600kHz to30MHtl AM- 2 2#iV EMFfor 10dB SIMADin8kHz. modulation30percent 

FM 0,8 jjV EMF for 10 dB quieting in 16 kHz: bandwidth, 60 percent deviation 

(Noisefactor IQdB) 

IF Selectivity response f kHz) 


filter 

available on 

- 6 dB 

60 dB 

shape factor 

15 kHz 

FM 

15.00 

33 00 

2.2 

8 kHz 

AM 

7.00 

1400 

IB 

2,7 kHz 

SSB. ISB. CW 

2 70 

4 30 

16 

t kHz 

CW 

1 00 

2.00 

2 0 

300 Hz 

CW 

0 28 

0,75 

2.7 


dynamic range 104 dB. (Intercept point 140 dB^V + 27 dBm [50 ohmsH 13 kHz bandwidth! 

ihird-Orde r EM dBnV. The levels, of two unwanted signals both greeter than 20 kHz off frequency will be 94 dBnV [Or IS 

intermodule tion dBm 160 ohms! I to give a 1 m V (0 dBj<V) response. 

second-order 90 dBfiV. The levels of two unwanted signals both greater than 20 .kHz off frequency will be 90 dB^V \ - 23 

infflmodulation dBm 150 ohms! I to give a I n V10 dBi*VI response. 

m band - 40 dB, Two signals m band of equal amplitude will produce a product greater than 40 dB down, 

intermodule i ion 

cross modulation 100 dBjiV. A 30 percent modulated carrier greater than 20 kHz Off Irequency must be 100 dBfiV I - 13 dBm (50 

Ohms!] to cause 3 percent cross modulation 

blocking TOO dBxV. A signal greater than 20 kHz off frequency will be 110 dBjiV { 3 dBm <50 ohms)] to cause a 3 dB 

reduction ol wanted 1 mV EMF (60 dBjiVl signal 

reciprocal mixing 90 dB An unwanted signal 50 kHz off frequency will be 90 dB above the level of a wanted on-frequency signal 

to reduce its 5INAD by 3 dB, in a 3 kHz bandwidth 

image rejeebon 90 dB^rV. The image frequency must beSOdBjiV I - 23 dBm IbOohmsIl to give a 1 p V IQdBsiVl response. 

IF rejection 90 dB^iV. Fqr the firsl and second IF ihe level of an unwanted signal will be 90 dB*rV i - 23 dBm {50 ohms!| iq 

give a 1 jiV 10 rtBfd response 

crosstalk - 50 dB. On iSB moda ihe crosstalk between two equal 0 d8m 1600 ohm) out puis shall be less than - 50 dB 

relative to output ct 1 kHz 

response lo Ail internally generaled spurious signals are less than 3 dB above receiver noise 13 kHz bandwidth. I 

internal spurti 

stability After TO minute warmup, better than 1 pan rn 10®. °C. Long term crystal aging less than 1 part in KPper day 

antenna radiation l oss than 10 n 120 pV EMF) into 50 ohms I 87 dBm) !2pWi 

protection Receiver can withstand 30 volts at antenna input continuously A spark gap is provided, 

AGC performance For an input change of 90dB, the output change wifi be less than 3 dB for ail signal levels greater than 3 jrV EWF 

(iQdBjtVh 

AGC time constants SLOW FAST 

attack hang decay attack hang decay 

ISB, SSB, CW 10 ms 2s 200 ms Sim 200 ms SO ms 

AM, FM 20ms — 20ms 5ms — 5m$ 


BFO range ICWt 
AF outputs 


muting 

metering 

powoi requirements 
environment 

MTBF 
[mean time 
between failure) 


i 3 kHz 

Main output: 2W into8 ohms at less than 3percent Total Harmonic Distortion tTHD! 

Headphones: 20 mW into 600 ohms 

Line 600 ohms balanced line independent of AF gain control, settable to 10 to +10 dBm (600 ohmsi, i « 
245 mV to 2,5 VRD 

QV on mute terminal for muting. Mute level at least 60 dB down. 

Meter reads signal strength in dB^V or AF line levs! in dBm 1600 ohmsl. 

200 to 250 VAC, 46 ip 6b Hz, at 50 VA (Volt-Amperes! 

Operating 14 to 1Q4°F { - 10 *0 + 40®C) 

Storage - 40 to 158°F 1 40 to + 70°C! 

Relative humidity up to 95 percent at 104 °F i.40°CI i non condensing J 
8000 hours 
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from entering; (6) improving the linearity of the early 
stages of the receiver, prior to and including the roof¬ 
ing filter (a roofing filter is inserted in the first IF and 
is used to reduce the number of strong signals pass¬ 
ing through the IF [chain]; it is not as narrow as the 
main selective filters); and (c) reducing the level of all 
signals. 

This last method works because the response to 
the unwanted (dynamic) signals falls off at a faster 
rate than that of the wanted signals (see fig. 4). It is 
implemented by means of a front-end attenuator or 
by a wideband AGC loop (separate from the main 
AGC loop) which operates on the RF amplifier on 
large signals only, and thus can be thought of as be¬ 
ing an automatic attenuator. Both methods have the 
disadvantage of reducing receiver sensitivity, and 
consequently other solutions should be found. 

Method (a) involves the use of sub-octave filters or 
some sort of preselector tuning and can be very ef¬ 
fective in reducing second order effects. However, 
as previously mentioned, third order products can be 
too close (in the signal passband) for tuned circuits 
to have an effect. 

The only real solution is to improve linearity, {b). 
Bipolar transistors are particularly poor in this 
respect, but FETs are approximately square-law de¬ 
vices and are therefore very good in terms of third- 
order effects, but not as good for handling second- 
order products. Linearity can be improved by using 
higher power supply voltages and by keeping pre¬ 
roofing filter gain down to a minimum consistent 
with required sensitivity, and therefore by keeping 



fig. 7. Good receiver third-order intermoduJation distor¬ 
tion performance is shown as a 100 dB spurious-free dy¬ 
namic range. 


fig. 8. Cross modulation occurs when modulation from 
an “unwanted"' signal transfers itself across and modu¬ 
lates the wanted signal. 


noise levels down. In the extreme situation, the RF 
amplifier can be completely eliminated and the sig¬ 
nals fed directly to a low-noise mixer via the front- 
end filters. This isn't such a drastic step as it might 
appear, because remember an NF of 15 dB is more 
than adequate on HF, and this can be achieved with¬ 
out an RF amplifier. 

The mixer may be a double-balanced switching 
type diode mixer using high level LO injection to im¬ 
prove linearity. Components normally considered to 
be linear, passive, and reciprocal must be carefully 
checked to ensure that they are. This especially ap¬ 
plies to ferrite cores used for RF coils and trans¬ 
formers; and crystal filters, which are often non¬ 
linear and non-reciprocal, i.e. having different 
characteristics if connected the "wrong" way 
around. 

The practice of fitting protection diodes at the 
receiver input (often found on marine-band re¬ 
ceivers) will also cause non-linearity, as will diodes 
used to switch filters. If all these points are carefully 
considered, very good linearity can be achieved with 
an intercept point of 140 dB/A/ or better. This level of 
performance ensures that IMD cross-modulation 
products are below atmospheric noise on HF. 

Reciprocal mixing is due to high level unwanted 
signals mixing with the noise sidebands of the local 
oscillator/synthesizer, producing noise products at 
the receive frequency (see fig. 9). 

It is another phenomenon which until recently has 
been more or less ignored, partly because tube local 
oscillators are inherently "cleaner" than most of the 
modern solid-state synthesizers. It can be specified 
as the level in dB above a wanted signal that an un¬ 
wanted signal can attain at a specified frequency off- 
channel (e.g. 50 kHz) at a specified bandwidth 
(usually 3 kHz) to reduce the S/N ratio of a wanted 
on-channel signal by 3 dB! 

The oscillator noise can be reduced by employing 
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high "G" (oscillator) circuits, and also by using high 
power oscillators, as the noise sidebands will then be 
relatively weaker, thus improving S/N. Phase locked 
loops can be very poor in this respect because they 
contain numerous noise sources which add together 
in the output, together with frequency jitter. In addi¬ 
tion, PLL's frequently use low "Q" circuits and low 
power VCOs in the output. The noise produced is 
phase modulated and cannot be removed by limiting. 

The action of reciprocal mixing in introducing off- 
channel signals into the IF at levels proportional to 
the distance away from the wanted signal (frequency 
separation) (see fig. 9) effectively reduces the selec¬ 
tivity of the receiver. This is shown in fig. 10, and the 
response curves indicate the dynamic selectivity of 
the receiver, that is, the selectivity of the receiver in a 
real signal environment. As can be seen, it's the 
stopband of the filter response that's been changed; 
with 70 dB reciprocal mixing, a considerable loss of 
performance occurs. 

However, when the reciprocal mixing has been im¬ 
proved to 90 dB, its effect on filter response can be 
considered fairly minor. A frequency-synthesized 
receiver can achieve 90 dB, while a good (tube or 
FET) crystal oscillator can give 110 dB or better. 


UNWANTED 



fig. 9. Reciprocal mixing reduces the useful dynamic 
range of the receiver. 


r 



fig. 10. Dynamic selectivity differs from the static filter 
response because of reciprocal mixing. 


synthesizer noise and 
internal spurious responses 

Internal spurious responses are responses of the 
receiver to signals generated within the receiver 
itself. These internally generated signals can be fixed 
(e.g., reference frequencies) or can move when the 
receiver tuning is changed. They cause problems 
when they occur at the signal frequency or an IF, and 
are generated by any oscillators within the receiver 
or by digital circuitry such as synthesizers and fre¬ 
quency counters. (A current trend is to use multi¬ 
plexed fluorescent displays instead of DC driven LED 
displays, which generate low frequency interference. 
Adequate shielding must be employed to reduce 
radiation.) In using frequency synthesis techniques, 
many of the waveforms are digital, square waves 
with fast rise-times rich in harmonics. CMOS and LSI 
(N-MOS) is usually better in this respect than TTL 
which has faster rise times. Careful design, with ade¬ 
quate low-pass and bandpass filtering and with high 
"Q" output circuits, is important. With good design 
it is possible to keep spurious outputs 100 dB down 
on the main output level. This standard of perform¬ 
ance should ensure that all spurious responses are no 
more than 3 dB above the receiver noise level. 

stability 

A fully synthesized receiver can have a stability 
equal to that of the frequency reference source. 3 If 
an oven-temperature stabilized crystal oscillator is 
used, stability of less than 0.1 Hz/ °C can be achieved. 
With partial synthesis the stability is governed by the 
stability of the VFO, but with cool, buffered solid-state 
designs it is possible to achieve long term drift rates 
of 100 Hz/hour with short term drift (even including 
lifting the receiver an inch and dropping it!) of 10 to 
20 Hz. The latter is more than adequate for normal 
SSB/CW/RTTY/AM communications. 

conclusions 

The performance quality of the HF receiver has in¬ 
creased over the years and it is now possible to de¬ 
sign a general coverage receiver that provides very 
high performance. As activity on the HF bands has 
constantly increased, this improvement in perform¬ 
ance is of vital importance to maintain the ability to 
communicate. 

Generally speaking, the cost of equipment has 
gone up in proportion to its complexity. There is, 
however, a reduction in real cost due, in part, to the 
availability of relatively low cost complex ICs, crystal 
filters, and FETs, as well as to improvements in design 
techniques. 

Future trends will include more extensive use of 
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fig. 11. Voltage and power relationships. 
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JCs, with possibly a single chip full-synthesizer, and 
microprocessor control of the receiver. It seems likely 
that more extensive use will be made of remote con¬ 
trol of receivers via data link, and that in communtca 
tions centers a central mini computer will be linked to 
each operating position, performing a variety of use¬ 
ful functions. On the domestic scene, the home com¬ 
puter can be linked to the receiver via an RS232 line, 
and can be used to decode RTTY and SSTV signals, 
etc. It could also be used as a big "memory" to store 
channels (frequencies modes/filters and a channel 
ident) for instant recall. 

In conclusion, receivers available now offer per¬ 
formance that ten years ago could be obtained only 
from professional receivers costing ten times as 
much, and which twenty years ago could not be ob¬ 
tained at all. 

appendix 

Fig. n shows (tie relationships between levels as specified in 
ViEMF), V(PD), dB/iV, and dBm (50 ohms) Also shown is the S- 
meter response as recommended by the IARU, the International 
Amateur Radio Union. Thrs specifies [hat S9 should be ar 50 ;iV 
PD, or 100 juV EMF; and that each S-potnt should be at 6 dB inter¬ 
val s Also shown are the thermal noise threshold and typical 
receiver and atmospheric noise terms for a 3 kHz bandwidth 
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2 R F E Winn, "Effects of Receiver Design in Communications Systems," 
ttRE Proceedings of iho Conference an Radio Receivers and Associated 
Systems, 4-6 July 197? pages 193 204 

3 J A Dyer, "High Frequency Receiver Design." Radio & Electronics 
World, February, !9iB3, pages48 93 
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PICK YOUR WICK 

Chemtromcs manufactures desoldenng wicks in two 
wire constructions Chem-Wik lor general purpose 
desoldenng with maximum solder holding capacity 
and Chem-Wik Lite laster acting for critical heal 
sensitive components As electronic equipment 
becomes smaller, more complex, more demanding, 
Chemfrontcs family of pure copper desoidermg w.cks 
will meet your needs with a choice of performance 
characteristics for virtually every desoldenng 
application 

Send tor free literature today 



IS 


IS SWITCHING PL TONES A PROBLEM? 

You need a PLD- 1 private line display 



Switching PI tones is simple with a PLD 1 pnvate line display 
installed in your Communications Specialists TE64 erKQder No 
more squinting, no more counting and no more? guessing Whrh (he 
PLD 3, you have immediate channel indication with a large, easy to 
see, bright LED display The PLD 1 displays all 32 PL channels and 
is easy to install in the TE 64 encoder. It also works with most other 
Communications Specialists encoder decoder units. 

Com plet e $ 49.95 

Visa and Mastercard accepted, 

ACQUIS COMMUNICATIONS, INC, 

17192 Gillette Ave., Irvine, CA 92714 

714 / 545-3732 


^ m 


Ijr 


February 1984 







THE FIRST NAME IN 
ELECTRONIC TEST GEAR 



Tel] 'em you saw it in HAM RADIO! 


ACCESSORIES FOR RAMSEY COUNTERS 

Telescopic whip antennf—8NC plug ., S 8>95 
High Impedance probe, light loading , . 16.95 


Low pass probe, audio use. 16,95 

Direct probe, general purpose use ,..., 13,95 

TiH ball, for CT-70, 90.125 . .... 3.95 


TELEX 466735 RAMSEY Cl 


TERMS * wtisladion guaranteed * examine lot 10 days; il not pleased return m 
onginal form lor relund • add for shipping and insurance to a maximum of $10.00 
• overseas add tSH lor surface mail* COD add $2,50 1 orders under S10 00 add 
SI.50 1 NY residents add 7% sales in * all kits have a 90 day parts warranty. AH 
wired units have 1 year pads and labor warranty. 


RAMSEY ELECTRONICS, INC, 
2575 Baird Rd„ Dept MR 
Penlield, N. Y, 14526 


(bmsrv 


ii -■ ll i «.? • E 4T**1 






NEW FROM RAMSEY 20 MHz 
DUAL TRACE OSCILLOSCOPE 

Unsurpassed quality ai an unbeatable price, the Ramsey oscilloscope 
compares to Others cos I mg hundreds more Fealures include a compo¬ 
nent testing circuit lhat will allow you lo easily lesl resistors, capacitors, 
digital circuits and diodes * TV video sync filter * wide bandwidth A 
high sensitivity * internal graticule * high quality rectangular CRT 

* front panel trace rotator • Z axis * high sensitivity x-y mode • very 
low power consumption * regulated power supply * built-in calibrator 

* rock solid triggering * high quality hook-on probes 


$ 399 95 


high quality 

hook-on probes included 


RAMSEY D-1100 

VOM-MULTITESTER 

Compact ana reliable, der* 
signed lo service a wide vari¬ 
ety of equipment Feature* in' 
elude * mirror bee* scale 
* dQUble'feweled precision 
moving coil • double over¬ 
load protection • an ideal low 
cost unii tor the beginner or 
asa spare back-up unit 


$1995 


lest leads and battery 
Included 


RAMSEY 0-2100 

DIGITAL MULTITESTER 

a compact easy to use umi 
<i?s*jrled to oi ale i k ti a pro F ea 
luring • 3|£ dgil LCD ■ low BAT 
indicator • all range Overload pro- 
tec lion * Overrange indication * 

■ i Jlci pddarrty * Iransiiilor tester 
* dual Jii-sih- ntegraiioh • j-ifiyl 
carrying case 


$5495 


hfj test leads, battery A vinyl 
carrying esse Included 


RAMSEY 0-3100 
DIGITAL MULTIMETER 

Reliable accurate digital 
measure menu ftl an amaz¬ 
ingly low cost * In-line color 
coded push Potions, speeds 
range selection * abs plastic 
tilt stand * recessed input 
lacks * overload protection 
on all ranges • 3 Vt digit LCD 
display with auto zero, auto 
por&nty A tow BAT indicator 

$5995 

test leads and battery 
Included 




CT-70 7 DIGIT 
525 MHz COUNTER 

Lab quality at a breakthrough price 
Features • 3 frequency ranges each 
with pre amp * dual selectable gate 
limes * gale activity indicator 

• SOmV “ ISO MHz typical sensitivity 

* wide frequency range * 1 ppm 
accuracy 

$11995 

wired Include* AC adapter 

CT-70 kit .. 199.95 

BP-4 mead pack H.9S 


CT-90 9 DIGIT 
GOO MHz COUNTER 

The most versatile for less than $300 
Features 3 selectable gate limes ■ 9 
digits * gate indicator * display hold 
* 25mV j iSOMHzrypicalsensiiiviiy 
■ 10 MHz I imeba&e lor WWV c a lib ra¬ 
tion * 1 ppm accuracy 

$14995 

wired includes AC adapter 

CT 00 kit 5129.95 

QV-1 0 1 ppm Oven Time base 59.95 
BP 4 mcarj pack 6.95 


CT-125 9 DIGIT 
1.2 GHz COUNTER 

A 9 digit counter Thai will outperform 
units costing hundreds more • gate 
indicator • 24mV (Sr 150 MHz typical 
sensitivity * 9 digit display * i ppm 
accuracy • display hold * dual inputs 
wilh preamps 

$ 169 " 

wired include! AC adapter 


BP-4 mead pack 


«t a*Hi mi iUt 


CT-50 B DIGIT 
600 MHz COUNTER 

A versatile lab bench counter with 
optional receive frequency adapter, 
which turn* the CT-50 into a digital 
readout for most any receiver * 25 mV 
(o 150 MHz typical sensitivity * 0 digit 
display * 1 ppm accuracy 


* 169 " 


wired 

CT-50 kil .. 1139.95 

HA-1 receiver soapier kil ... . 14.95 




■« 


DM-700 DIGITAL 
MULTIMETER 

Professional quality at a hobbyist 
price F eat urea include 26 different 
ranges and 5 Functions • 3Vs digit, 'h 
inch LED display • automatic decimal 
placement » automatic polarity 

*11995 

wired Includes AC adapter 

DM-700 kit .199.95 

MP-1 probe sei 4.95 


PS-2 AUDIO 
MULTIPLIER 


The PS-2 <a handy lor high resolution 
audio resold 1 1 on m ea su re men t s m ul ■ 
tip lies UP in frequency * great lor PL 
lone measurements * multiplies by 10 
or TOO • 0 Oi Hz resolution 5 built m 
Signal preamp/conditioner 


PR-2 COUNTER 
PREAMP 

The PR -2 is ideal lor measuring weak 
signals from lOlo 1,000 MHz * Hat 25 
db gam ■ RNC connectors * great fur 
smiling RF * ideal receiver TV 
preamp 


*4995 


*4495 


wired 

PS 2 k il 


$39 95 


wired includes AC adapter 

PR-2 htl. **..**...„, .$34,95 


PS-1 B 600 MHz 
PRESCALER 

Exiends the range ot your present 
counter lo 600 MHz * 2 stage preamp 
■ divide by 10 circuitry * sensiiivity 
25mV{iw 150 MHz * 0NC connectors 
* drives any countei 

$5995 

wired include* AC adapter 

PS* 'R kit 149-95 


VtSA 


PHONE ORDERS CALL 

716-586-3950 















































































RAMSEY 

ELECTRONICS 

Inc. 


PARTS WAREHOUSE 


We now havo available a bunch of goodies too 
good to bypass Items are limited so ord^r today 


2575 Baird Rd. 

Penfield, NY 14526 

716-586*3950 


MINI KITS - YOU HAVE SEEN THESE BEFORE NOW 
HERE ARE OLD FAVORITE AND NEW ONES TOO. 
GREAT FOR THAT AFTERNOON HOBBY. 


FM 

MINI 

MIKE 


A 5 u per h i per I ft* m a nc f f M w I m - 

rtUftf* kr|‘ Tr«m/mf5 rf vfahfr-' 
vgnai up lo 3hEi v^riji *iin -'■r:cp 
lion*' audio quality by pi rp 

buill lf1 elec (ret "iihf Kif mrlud^ 

case rrnfcr- fin oth*.!'f antenna 

pallor / and Super mslruc:lkoni f hi*. 

i% I up fme si urui 


FM-.1 K.T 

FM 1 Wired anil I l'tJhJ 


FM Wlrelau Mike Kit 


$11 95 

$22,9$ 


Jkn 


Transmits up lo 300 lo 

any FM broadcast ra 

dio use* any type ol 

mine Runson3io9v Type FM-2 

fiat added sensitive mike preamp 

Sfaqr 

FM 1 m f)» FM ? nil 14 95 


Univerijif Timer KH 

Provides tne batn” parts *ftn PC 

boan required in provide .t so. 

ol preosiOO lining ami pulse 
generation Use*i S55 runpr if. ami 
includes A rang I 1 -if parn to* mosl 
timmo nsedj 

UT S Kii 15 95 


Color Organ 

See music tome 
alrve f 3 different 
lights Hrcher Wilfl 
music One iighl 
each tor high 
mid-range and 
lows Each indi¬ 
vidually ad)U$t- 
able and drives up 
lo 300 W runs on 
1 10 VAC 

Complete kit 

ML 1 

18,95 


ViSao Wodulilar KM 

Convirh T Y lo «ifieo m^felijr S^p** 
me 1 ' 1 lunnt"»i QvH cj’ 4 t> fluni fin 5 

i [nV *c< fpli ftitf * i ileo v gm» faesi 11 n i I on 
in* miihpi 1 Cortiplelc ft il Vl) 1 17 61 



Ltd Bunky KM 

A great attenhon gpr 
ler which aiiernateiy 
flashes 2 jumbo LEDs 
Use tor name Osdges 
hut ions warning 
paner lights anything' 
Runs on 3 to 15 volts 
Complete k>i Bi i 
$2 9$ 


Super Sleuth 

A super sensitive ampli¬ 
fier which Will pick up ,3 
pm drop at 15 feel 1 Greai 
For monitoring hahys 
room or as general pur -1 
pose ampMief Full 2 W 
rms output rgns on 6 lo, 
15 voils uses ohm 
speaker 

Compete kkl BN 9 

$5 95 


CPO l 

Runs on 3 *2 VcK t waif out i Khz q.ood ■ □* CPO 
Alarm Audio Oscillalof Complete kd 1? 95 


Whisper Light Kil 

An mipresTing kit small mike 
picks up sounds and converts 
them ie> light The louder ihe 
sound Ihe brighter the iighl 
Includes mike controls up tu 
300 W runs on 110 VAC 
Complete kit WL-1 
56 9$ 


Mad Blaster Kil 

P" rj P -i r i DUD Jl .ir sHallirfif’.s and 
iK<e*Hlori (jelimt* yrpr, ‘-Mi sound 
Can ^ u ppiv up to i6 w.ili^ cil 

nfrrHuirrtfi .nxjio Runs on 6 '5 VDC 


Mfr* 1 Kil 


14 96 


Tpn* Decoder i"^ \ 

A compare tone deco- ' -*4 i 

de* or a Single PC 
hoard Features 400* ttJkWr 

5000 Hf adjustable / 

ranqe vu ?0 turn (tor voliage f egu 
latipn 56 T 1C Use!ul for foi/fh 
tone hurst defer H0n FSK ere 
Can also fu j used as a stable lorn- 
encoder Runs on S to 1 2 vOUs 
Cornpleie ► ■ t TD 1 $5 95 


Siren Kil 

Produces upward and downward 
wan characteristic o* a polir e 
siren 5 W peak audio output runs 
on 3 15 volls uses 3-45 ohm 
speaker 

Complete kit SM*3 5? 95 


t0 H; tiiM Bat* 

■h.inn np* -I i S yfir i ■ p. • ■ 

in.n munin MKlTW ft Tfe * Kaf IS VT 

rfl ' _ |t H 


PARTS PARADE 



Call yaur Phone Order m Today. TERMS: 

Satisfaction guaranicerl or money Tnlunded 

COD add 52 50 Minimum order S6 00 
Orders under 510 00 add $1 SO Add 6 - (or 
postage, insurance handling Overseas add 
15^o NY residenls and 7 . tax 



CLOCK KITS 

Yflur old itvoniei ar* here again Over T.OB0 Sold io D*T# 

Br on* Ol Iht q*rig and order your* loday' 

Try yaur band ai bLttidfng the finest looking cfock on the 
market Us saim hpish anodized aluminum case looks qreai 
anywhere while sor 4 LED digits provide a highly readable 
display This is a complete kit no e*Has needed and >1 only 
takes 12 hours to assemble Your choice of case colors 
silver gold black (specify) 

Clock kil }2 24 hour DC S $24 95 

Clock wiih 10 min ID hmer 12 hour DC 10 $29 95 

For wired and tested clocks add $1000 to ka price 

SPECIFY 12 OR 24 HOUR FORMAT __ 


SATELLITE TV KIT 




^— , jT imagftp i»|iKfion luHy luninx ioOW) lo itCMi 

1 fucifl^n ’ jf. J,r>n.riv iliVKlO |-I> 1wr» Pi S tflfflflKhl 

;j __ I a«rr F(;i I'.cciFfinr 1ht«hold paUornuntft 1 i^jn-r 

' flK JmKFp i rat ft .ng AfC lo uui| drill rr« u^nLliOrt ftn>1 

t * ^ f > ol i -.n/r^u lull LhaniiPi iMnftt-.io tovtrfijgfi 

^ BTF" B h iij juju* *i1* 'll* T v Irilftn- VDvrd I ho HJB 

«£} 1*r Ehouvaoi] QltW* ■ lr«*d T m>Fft AftQ non 
rf'ft ■■« 'fth.* ir i i igi-n-i »i * n«* V»n pm * Pfaw 

TMf POPULAR SAT 1 EC RECEIVER W *lT FORW tOvU 1 * u> U, 

NEW, LOWER PRICES! 


Foaluiad nn ■ Radio E>«tliiM 1 *C 9 maflaimw co ** 1 
llotf [May B3l. tfM i«h*tNir R2B Stl ltc TV 

nmoa il DO* oparaung in IhDUUndl ol tCKM-1 

(■out Tin RIB ii iiif lo DuiiO|fttlChfd| 
piilM boards wiih Kr**i w d lapouM 

ftNlu'n'. J(.r. ,.r il*! ■■ 4 r '111 r '** 

i - meal |F wum%# ^1 ■ a p « Ch* 

aBiortiUod iru.lud*d 

ihr Rji b r«'^" r mep'v 

(j*(Crifi H up j mjDMll -i' *h com 

pier* rfiiiaioriip Loaifodli&na FoallHet ol H'*' •*• 
CB1VW -nrlipilr itgA' --UHviH^HJO dOMU r ' 1 ,J 


Salotin* fvSyilom r*gup p » 
h liAftltnni INK How nou impn 
‘ >1 Air# and UodviaiDi 

»r K .1 M*4 8ll 

ii r - 1 w W' r*d ana T«l* J t* » 

LIMA I»S® 

hh] flf Moduiflloi H' ^ 

pp r-, - IiiOp- pjcmr sl»t U^ ftfiiupinq 
.inij iriv/i ai '<■ i- 


1C SPECIALS 


LINEAR 


i ii 
tl HI 
11 U 
t 45 
Si 00 
U W3 
It 00 
St IS 
to «ao 

S M 
1 10 

SI 05 
SJ9S 


CMOS 




syoo 
$2 00 
51 35 
It 75 


READOUTS 

f*4® JH ft C C fl «■ 

f no ut uo s c 4 i on 

uap» ■; mP; -■ v i' * t 04 

HP ?4V 11 C* 104 


TRANSISTORS 

jNWi-iiftN i:-i ii it 
JNWXi PUP r-r tilt 
/H-44Q J PN P C. • r tli : 11 I 

JW4410 NPH c*r ti.it. 

3N4>lirir C’F 4 11 
7HS4CU PftjP ' -F *.|i I 

2«M.'0 Cif 4’H i 

iWJrn kfPWfeicv' il 

7WM "I 1.FHF Mil 

Pdw*- i±- ft*PN *IIW l'l T ■ 
POWTU FhPim U 
UPf 1 0? JHIMAft I: 

urn ikm T*p* t-p » « 

PWP 3*04 typ* T.B tMl 

ii 

7«»a* jjT V*A> 


TTL 


?4Son 

1 40 

;447 

S 65 

74 7L 

i SO 

7490 

S 50 

‘4196 

(i as 

SPECIAL 

11C9Q 

101 ifi 

7?0B 

7Z07A 

7216D 

(1500 
$ 1 25 
517 50 
$ 550 
$21 00 

1 1Q7G 

$1250 

S314 

$2 95 

S3TSAH G 

$ 2 95 

7001 

$ 650 

FERRITE BEADS 

A h «! " 1 \P*\ 

11 11 w 

p. h+i-i* Aft u-' V n w 

Sockcli 

8 Pur 

ib |2 oo 

14 Pm 

TO 12 DO 

i ft bin 

10/(2.00 ‘ 

Z4 Pm 

4 12 00 

ZB Pm 

4 12 00 

40 Pm 

3 12 00 

Ciiod4f 

5 i v Zpne* 

20 $1 00 

1N914 Typr 

50 (1 t>0 

mv ZAmp 

B . 'Jl 00 

100V tAmo 

15/(1 00 

_ L 

=- 

25 AMP 

100V Bridge 

$1.50 each 

Mini'Bridge 50V 

1 AMP 

2 lor $1 00 


Rtifalor Ait I 

A $ ^o* rnnt^n t q) Ppnuljtr 
wnll Ciil IPfld lo» PC mtumlinq 
cpnipr iiifld-i hdd of 3W) Of 

m^ift 

$t 50 


SuntelMi 

Miru loqqip SPDT it 00 

Red P-.sbbuttuf"s NO 3 it 0*5 


EarphonM 

1 ihUi 5 an m (Jood tnr %maH tj>n* 
M'.r.rr'i .1 jrpr- i'IocI^ 1 - 1 . 

blot (1.00 


CrvilAlfl 

3 679645 MHZ Jt 50 

lftDDOQO MHZ 15 00 

5 Z4HBIJ0 M HZ $S 00 


AC Adapt*** 

CiODd ipr nu 4fl 

r*ji tat “l, an f tfl VAT [»Upg 
(jnp* Phr| 

(t 5 Vd< > 1 ZO -k Si W 

Ifi v ac ni i6r>p'A S2S0 

f? -a .1 ?50mA n M 


Mini | aftm Spaaftar 

A j.jirci. 2 1 1'^h' Round 

fvP* 'O' FAfT'O' miftp *lr 

3 lo* 17 M 


Solid $ 1 * 1 * Bulrtfi 

!*na n.,jfcr 4SI Mr fl6 Aft sound 
output (m U? . 1 , ar UT-30 mA T T 1 
COm im lilt It |t 50 


Slug Tub*q Coin 

Small 3rf6 Her Slugs fumed CcmJ 
3 lurni 10 lor (1 00 


AC Gullet 

Pam*-' Mount with t^ads 

4 it oo 


CAPACITORS 

T AftftT AluM Aluminum 

D'Ppad liwt, f. r , nuni -1 

t 5 uF ?5V l J 5l fM; ' *' ' "an ii ' » 

1 H C t nil Wfl ■' ^ A ‘ ’ Iy> 

1 O uF Z5V LSI OO v*.:. ,■ . . ft ..*■ 1 IT 00 

22 uF 25V 3/S 1 00 "■ 1 n *'i ■■ ia v » 


quit CERAMIC 

(H *ftV diU Nil 44 

* 14V IS ft 44 

OO* itl Jfl 1 1 04 

"(opr n ii oo 

■m? m\ » lt 00 


OC-0C Conftart** Ceramic IP 

■5 vdc >ppL»i prod 9 v0[ |9 Xm* *-* ■ ^ Al H M ’ 

-9 me jo* DOuCts ' I Jim* It IS 6 W Sv*-.Ti jl 50 t-* 


JJCi *irfr llim ItH H 00 
I ft. ?Q Turn frirti tVjr 1 SB 


CrytUf Miciophont 

Small 1 diamrtPr ♦ ihick 
cryslal mike carlndg* 5 75 


Cobh Connector 

Chassis mount 

BMC type (L00 



Trlmmar Cap* 

Spiaiju* 3*A£) fir 
Si a M r ec»iyOFoPy'4h* 

SO 41 


Mini RG- t 74 Coa* 

10 II for |1 00 


t von emif T Clip* 

N'Ct qufti'W ri"P- S lor |1 0d 

ift fiijbt'*r G 1 f<T. mrf i t 0 lor |1 OD 


Paw* ■ mi 

*vif o H i ftnl*1 d'1' L«|)| >**« **M.Fbi» 

'unliftlori d'Odwi M'f A c jpi i-TC 
l" tug -i i |_.i_ |i « t VC' 1" tl W 


CgAWlQFi 

(b SSHI I^pr gold CQnlKTi fO' 
mA HJ01 ca* f f(K'ft modu.l* 
pf'C* n a* 


Ltdi your choice ple»^p specify 

Mini. Reg JunTDO Red Hiqh Iniensity Red iiiuminatoi Red 9 |V 
Mmi Yeifqw Jumbo veiiDw jumbo Green l/|t 


V proem 

MoldfDia MV im » pf Mominn cap ZO-BO P J Tunsbla rang* 

» Htk of i/ti oo 


Audio 

Pretciler 

Make high resolution audio 
measurments great tor musical 
mstrumeni Tuning P| loni 1 ^ etc 
Multiplies audio UP in Irequnm; > 
selectable 'ill nr »100 gives 01 
H2 resolution wifh t sec jafe 
time' High sensdivdy ol 25 mv 1 
me*.? inpul I anrj bmU m hitenr>*i 
giveju great performance Runs 
oh 9V haitery all CMOS 
PS-2 kit S39 95 

PS 2 wired 549 95 


600 MH, u~i~r. I 

PRESCALER K- y 

E *t*?nd hu s range Ol ybuf 
counter lo 600 MHz Works 
with all counters Less than 
150 mv sensitivity speedy 
10 of 100 

Wireti lesied PS-iB $59 95 

Kit. PS-1B $44 95 


30 Watt 2 mtr PWR AMP 

Simple Class C power amp leal Jfes R i«mes power gam i W m 
for Bout 2tVmlor 15ouf 4Wmfpr lOoui M*ia oj jlptif pf 35 W 
incredible value complete wiih all parts less case and T F^ relay 


PA 1 30 W pwr amp kil 
TFM RF sensed T R relay kil 


MRF J3fl IM 051 M ir * 5 . Lj^^ril m PA 1 
A TDtlh gain ISO mh; ill 95 

RF acluaied relay senses RF 
(tW) and closes DPDT relay 
For RF sensed T R relay 
TR-1 Kit 16 95 


S24.9& 

$6.95 


Power Supply Kil 

Compipip i*ip*i“ rpquiflTett power 
suppi t ptovidift^vaTFahli* 610 1 *1 ^oit'v at 
?w rpfl antf -Sal 1 Annp Enceiit-ni load 
tflquiauoe qium r. 1 ra-f 1 nq; jmrj $m.ai| 
‘.ifi 1 L"Si t'ioVOf*n* J riftt]ui*Ai 6 3 V 
*1 A and :*4 VCT 

Complft^aif P5 3L T (6 95 


OP AMP Spscul 

RI■ FET LF 13/41 HinHtnm (of pin 741 cr/ QVj bu 1 sOO OOf] Mf C* 
inpLjl / %upi'r low 50 pa ibpuf Cl J flL\ V t f mnpf dfA-e 

50 for only 19 00 lb lor (S 00 


7BMG 
Z9Mfi 
7^3 
309 K 
7905 


It 26 
(1 25 
i SO 

it is 

11 00 


HcQuIalmi 

% 


12 00 

ii 00 

il DC 
il 2S 
(1 25 
it 25 


Shrink Tublnq Nub* 

N't r pi^t u> [«c*i o' *h*pir* * 11 * 1 ■ . 
ihrmh 10 > 'w t.e' 1'1 a ft ID J1 00 


Mm> TO-92 H**l Sink a 
fnctmiHof Bra^id S <« |1 00 

To 220 H**| S-nfti ) <« ft 00 


Opio Isolators - 4N2S lype 

Opto Refieclors Phoio diode 1 LED 


$ 50 •«. 
$1 00 *1. 



CDi Phcn *K*m 

R*|i|l|nca raritt wuh 14 m 250 Dftm] 10 
OftB* 3 Wi*n 3 !•* ft » 


A^ 176 


More Details? CHECK-OFF Page 108 
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VHF/UHF antennas and 
antenna systems 

There is probably no other 
VHF/UHF topic that inspires such a 
vigorous line of conversation than the 
subject of antennas. Hardly a day 
goes by when I'm not asked ques¬ 
tions like "What type of antenna do 
you recommend?" or "What's the 
difference between this antenna and 
that one?" The reason we're so inter¬ 
ested in this subject is that there is no 
better way to improve the perform¬ 
ance of your station: a 1 dB improve¬ 
ment in antenna gain yields a 2 dB 
overall increase in your station capa¬ 
bility, since we gain 1 dB on transmit 
and 1 dB on receive. 

The answers to the questions 
above are neither simple nor obvious; 
they take time to answer thoroughly. 
Furthermore, the answers may not al¬ 
ways involve performance as much 
as economic or structural considera¬ 
tions. With this in mind, I've decided 
to discuss the popular types of VHF/ 
UHF antennas and the tradeoffs be¬ 
tween them in this month's column. 
Future columns will zero in on ways 
to measure and obtain peak perform¬ 
ance with the antennas we are using. 

antenna types 

The three major types of VHF/UHF 
antennas presently in use (excluding 
FM/repeater types) are the collinear 
array, the Yagi and the parabolic 
dish. Each type has its own advan¬ 
tages and disadvantages. While all 
can produce high gain, they differ 


vastly in form factor. Let's discuss 
each type individually and see what 
each can and can't do. 

collinear array 

The collinear array was very popu¬ 
lar among VHF/UHF'ers and espe¬ 
cially EME'ers (Earth-Moon-Earth) on 
2 meters and 70 cm (432 MHz) before 
high performance VHF/UHF Yagi an- 



fig. 1. Typical collinear array. 


tennas were designed. It usually con¬ 
sists of a group of half-wavelength di¬ 
poles in front of a screen or set of re¬ 
flectors (fig. 1). Technically speaking, 
you could probably call this an array 
of 2-element Yagi antennas. Some in¬ 
dividuals have even placed additional 
directors in front of the driven dipoles 
in an attempt to increase gain. 1 The 
unique thing about a collinear array is 


that the feed system is usually some 
form of open wire line. The collinear, 
unlike many antennas, is usually quite 
broadband. Efficiency can be very 
high and gain is mainly a function of 
the size of the array. The extended- 
expanded collinear is a stretched-out 
version that has fewer elements and 
higher gain approaching 80 to 95 per¬ 
cent efficiency. 2 This antenna is 
treated in depth in reference 2 and 
improvements are mentioned in refer¬ 
ence 3. 

Collinear antennas offer several ad¬ 
vantages: They are not "critical" to 
build, are usually low in cost, have a 
low loss feed system, and when used 
on EME, can be readily adapted to 
polarity rotation. They are also easy 
to array when extremely high gain is 
desired. The principal drawback is 
their overall size, which usually pre¬ 
cludes mounting other antennas on 
the same mast. (I'll discuss this sub¬ 
ject later in this column.) There may 
also be problems in areas where 
moisture is present, since the VSWR 
may increase if the feed system gets 
damp or wet. 

Yagi and Yagi type antennas 

The Yagi antenna (fig. 2) is partic¬ 
ularly popular where space is at a pre¬ 
mium or when only narrowband oper¬ 
ation is required. It is presently the 
workhorse in the VHF and lower UHF 
spectrum. The first high gain VHF 
Yagi designs were published by 
Kmosko and Johnson, 4 Greenblum, 5 
and Ehrenspeck and Poehler. 6 Unfor¬ 
tunately, these Yagis weren't always 
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as good as claimed, were hard to du¬ 
plicate, and when duplicated, often 
failed to deliver the promised gain. 
Some had very high side lobes. 

The W0EYE 70 cm 4.2 wavelength 
15 element Yagi 7 with corrections 8 
was first published in 1972. Based on 
the unpublished work of Pete Viez- 
bicke at NBS (National Bureau of 
Standards), it was the first really high 
gain Yagi with a clean pattern that 
was easily duplicated. Don Hilliard, 
W0EYE (now W0PW), and I urged 
Pete to publish his work and he finally 
did so in December, 1977, in A IBS 
Technical Note 688, now out of 
print. 9 This publication, the result of 
extensive studies done by NBS in the 
1950's to develop high gain arrays for 
ionospheric scatter, included six dif¬ 
ferent models with boomlengths of 
0.4 to 4.2 wavelengths. In the Aug¬ 
ust, 1977 issue of ham radio, I pub¬ 
lished an article which included the 



majority of the NBS material along 
with several practical examples of 
Yagi designs using this material. 10 (A 
future column will deal with this topic 
in greater detail.) 

The NBS Yagi designs described 
above work well through 70 cm, but 
the longest one is only 4.2 wave¬ 
lengths (approximately 10 feet or 3 
meters at 70 cm). Gunter Hoch, 
DL6WU, has been working on this 
problem and has recently produced 
some very long Yagis 11 based on an 
extension of the work of Green- 
bium. 5 Hoch has been able to in¬ 
crease the gain approximately 2.35 
dB each time the boomlength is 
doubled and has demonstrated this 


success even at 23 cm (1296 MHz). I 
have verified his information with a 70 
cm 9.25 wavelength (21 feet or 6.5 
meters) model which measured 
greater than 17.5 dB over a dipole 
gain at the 1981 Central States VHF 
Conference. 12 At the 1983 Central 
States VHF Conference, KL7WE en¬ 
tered an even longer (24 feet or 7.5 
meter) 70 cm Yagi model based on 
the same information and it measured 
approximately 18 dB over a dipole. 
Hence the quest for extremely high 
gain Yagis is finally showing promise. 

the Quagi 

In April 1977 Wayne Overbeck, 
K6YNB/N6NB, published a descrip¬ 
tion of an antenna he called the 
"Quagi/' 13 This antenna is basically a 
Yagi with a cubical quad-type reflec¬ 
tor and driven element. The design 
shown was low in cost, used a wood¬ 
en boom, and was fed directly with 
coax. Newer designs have been pub¬ 
lished; 14 DL9KR and others have fur¬ 
ther optimized this design and modi¬ 
fied the feed systems for use in large 
(groups of 16) EME arrays. This de¬ 
sign could probably still use some op¬ 
timization; only a few specific designs 
are available. 

the log-periodic 
antenna array 

The log-periodic antenna array, 15 a 
series of elements resembling a Yagi 
antenna, but with all elements fed by 
a special feed system, has never 
gained much acceptance among 
VHF/UHF'ers (except ATV'ers) be¬ 
cause it is basically a wideband (multi¬ 
octave) structure with only moderate 
gain. The late Oliver Swan developed 
a hybrid antenna called the log-peri¬ 
odic Yagi, which has somewhat 
wider bandwidth than the typical 
Yagi. 16 It uses a log-periodic feed sys¬ 
tem to excite the directors of a Yagi 
structure. A 70 cm log-periodic Yagi 
has also been published. 17 

loop Yagis 

Until recently, very few Yagi de¬ 
signs were used on the 23 cm band 
because they were hard to duplicate 


and extremely tight tolerances were 
required. The boom-to-element at¬ 
tachment had been a problem both 
electrically and mechanically, which 
further aggravated the tolerance 
problem. 

In 1974, Mike Walters, G3JVL, de¬ 
cided to take a different approach to 
the Yagi antenna. At first he experi¬ 
mented with cubical quad loops 
made of wire, but could not obtain 
the desired performance. He then 
changed the elements to thin 0.028 
inch (0.7 mm) aluminum straps 3/16 
inch (4.7 mm) wide bent in a circle. 
After much trial and error, he devel¬ 
oped a 23 cm, 28 element high gain 
"loop Yagi." 18 Later he developed 
longer models and also a table of cor¬ 
rections for different boom and ele¬ 
ment sizes. 19 The use of a round 
boom with his unique element-to- 
boom mounting method and the cor¬ 
rection tables has been one of the 
reasons this design has been so suc¬ 
cessful. This antenna has been used 
as low as 70 cm and as high as 3 cm 
(10.256 GHz). A 45-element W1JR- 
designed loop Yagi had greater than 
19 dB gain over a dipole as measured 
at the 1983 Eastern VHF/UHF Con¬ 
ference. 

stacking 

When really high gain is desired 
(such as in EME), Yagi antennas can 
be either arrayed or stacked. General¬ 
ly speaking, every time you double 
the number of Yagi antennas in an ar¬ 
ray, you can increase the gain approx¬ 
imately 2.5 dB if the proper stacking 
distance is used and the feedline loss 
is kept low (this will be covered in a 
later column). Recent work on 70 cm 
EME tends to confirm that the best 
compromise is to use the highest gain 
Yagi design possible. Then the num¬ 
ber of Yagis in the array will be at a 
minimum, and feedline problems will 
be more manageable. For general ter¬ 
restrial operation, it is usually desir¬ 
able to stack antennas vertically so 
that the beamwidth in the azimuth 
plane will stay wide and thereby spare 
you severe rotator aiming problems. 
This is particularly desirable for 
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meteor scatter communication, in 
which the field of reflection can be 
wide. 

parabolic dish antennas 

The parabolic dish (fig. 3) is still 
one of the favorite antennas on 23 cm 
and above — especially on EME. The 
gain of this type of antenna is primar¬ 
ily determined by its size (diameter), 
providing that the feed or illuminator 
is properly chosen. There are many 
advantages to using this type of an¬ 
tenna. It is frequency-independent, 
meaning that you can change fre¬ 
quency by simply replacing the feed 



system with one for the proper fre¬ 
quency. A properly built parabolic 
dish antenna system will also be 
quieter on receiving because side and 
rear lobes are lower than most other 
antenna systems. Its principal disad¬ 
vantages are that efficiency is low 
(typically 50 to 55 percent, even if 
everything is done right) and high 
wind resistance. (Recommended 
feed systems for parabolic dishes are 
described further in reference 3.) 

conclusion 

Hopefully the above information 
and the additional articles referenced 
will make it easier for you to deter¬ 
mine which antenna type is best for 
you. The collinears are usually low in 
cost and easy to build, but if high 
gain is desired, they must be large. 
Where multiple band capability is de¬ 
sired on a single mast, the Yagi is 
hard to beat. When high gain on UHF 
and especially EME are sought, the 



parabolic dish offers many advan¬ 
tages; but again, if high gain is de¬ 
sired, the antenna system must be 
large. While we've discussed many 
types of antennas for VHF/UHF, we 
haven't discussed them in great de¬ 
tail. We'll deal with each type more 
comprehensively as time passes. But 
it will be up to you to weigh the ad¬ 
vantages and disadvantages of each, 
make your decision, and take the 
plunge. 
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TRS-80 Color Computer 

Color Computer Graphics by Ron Clark complete guide loaded 
wilh insiruchon how to make the most ol video graphics, many 
complete programs l?8 pages ISBN 0-86668 012 8 $9 95 

101 Color Compuier Programming Tips & Tricks, by Hon Clark, learn 
by doing mshuchons hints secrets shortcuts lethmques 
msiqhts includes 101 ready to-run programs 128 pages 
ISBN 0 86668 007 1 $7 95 

55 Color Compuier Programs tor Home. School & Qfltce. by Ron Clark 
pi ac lie a I ready (o run software wilh colorful g rapines 1?8 
pages ISBN 0 86668 005 5 $9 95 

55 MORE Color Compuier Proqrams for Home School tf Of lice by Ron 

Clark handy companion volume packed wilh different useful 
type-and run software 11? pages ISBN 0 66668 008 X $9 95 


Apple Computers 

101 APPLE Compiler Programming Tips & Tricks, by Tied While 

secrets hints insights learn by doing instruction techniques 

includes lOi ready to run programs 128 pages 

fSBN 0 86668 015 2 $8 95 

33 New APPLE Computer Programs lor Home School * Oflice by Fred 
White practical ready to type in and run software 96 pages 
ISBN a86668 016 0 $8 95 

APPLE Compuier Program Writing Workbook, by Fred White 96 
pages 8 W?x 11 ISBN 0 86668 813-7 $4 95 


Please add $2.00 tor shipping and handling 

SEND TO: HAM RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 
(603) 878 1441 


MICROW 




34+dB GAIN • FREQUENCY 2 ! to 2.6 GHz 
ABSOLUTELY WATERPROOF 
COMPLETE • READY TO INSTALL 
1 YEAR WARRANTY 
1 124.95 - INCLUDES: 

TAX • SHIPPING - HANDLING 


SEND CHECK - MONEY ORDER - OR 
CERTIFIED FUNDS TO: 

K & 5 MICRO ELECTRONICS 

1920 WEST GRANADA 
PHOENIX, ARIZONA 85009 


FOR LOWEST PRICES ON 
QUANTITY ORDERS CALL: 

(602) 253-8605 


INDIVIDUAL COMPONENTS AVAILABLE 
FAST-EXPERT REPAIR ON ALL TYPES 


Now you can own the 
Most Accurate Clock 
the easy Heathkit way! 

The most accurate consumer clock ever made r The Heath GC- 
1000 Most Accurate Clock sets and corrects itself automatically 
by receiving shortwave broadcasts from the National Bureau 
of Standards. Microprocessor circuitrs displays hours, minutes, 
seconds and even tenths of seconds. Kit priced at $249.95. 
Send for complete details tudm using the coupon below. Visa 
and MasterCard orders call TOLL-Hk] ,!■. I-«<K) 253-0570. 


I rnpp COLORFUL I 

j rncc CATALOG I 

J Ptease send me my FREE Heathkit Catalog 
i'| team ring the (!( iono Most A ecu rate Clock v 


v iss 


Heathkit 


Heath 
Company 


and mam other quality clrciromc kns 
Name___ 


Address 


Stale 


'* MAH TO: Heath Company, Dept. 122-141 
' cl ?efc Benton Harbor, Ml 49(122 


J 
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transmitter tuning aid: 

buffer your load 

with this resistive network 


The temporary high SWR often encountered when 
tuning up your transmitter and tuning unit can often 
lead to disastrous consequences: abnormally high 
voltages and/or currents can easily damage expen¬ 
sive equipment, even in only a few seconds. If you 
once, perhaps, pit the variable capacitors of your 
final amplifier by an arc over, there is very little that 
can easily be done to repair the damage. In some 
cases, manufacturers have designed automatic cir¬ 
cuitry that reduces power output when the SWR 
goes up, but this technique offers only limited pro¬ 
tection rather than a basic solution. 

With these concerns in mind, I developed and built 
a dummy load to overcome these problems. All dis¬ 
cussions and calculations are based upon a 50-ohm 
impedance system, which is common to most of our 
modern transmitters and tuning systems. However, 
the equations can be used for any impedance sys¬ 
tem, or for any SWR limiting value desired. 

The basic idea is to use a balanced-T resistive net¬ 
work, with a characteristic impedance of 50 ohms, to 
absorb most of the transmitter power during tune up, 
while still providing sufficient power to allow for 
proper tune up of your transmitter and antenna sys¬ 
tem. The isolation effect of the network is such that 
it limits your transmitter SWR to a maximum of 2:1, 
even if you were to short out or open the input to 
your tuning unit, which would be the worst condition 
that could develop. 

Fig. 1 shows the basic circuit, along with theoreti¬ 
cal calculated values of resistance, and wattage dissi¬ 
pation for a transmitter with an output of 100 watts. 
This figure was chosen for ease of calculation and 
presentation of the developed equations. Although 
the network is a balanced type, so that R A is numeri- 

By William Vissers, K4KI, 1245 South 
Orlando Avenue, Cocoa Beach, Florida 
39231 



<RL 
<50ohms 
<33.3 
f WATTS 


LOAD 


fig. 1. Baianced-T power-resistive network calculated 
values. 


cally equal to R D in ohms, the different subscripts are 
shown to denote different wattage dissipation. 

The equations relating the maximum value of 
SWR, which was chosen as 2:1, the characteristic 
impedance of the system R c of 50 ohms, and the 
network resistance values are: 

R a + R b = (R C )(SWR) = (50)(2) = 100 ohms 

Ra + (Rd)(Rb)/(Rd + Rb) = R C /SWR 
— 50/2 — 25 ohms 

Having two equations and two unknowns, the net¬ 
work is solved using the basic quadratic equation, 
where: 


Ra “ Rd — 15.4 ohms end Rb — 86.6 ohms 

Again looking at fig. 1, if terminals X-Y are shorted 
out, the resistance looking in at points A-B is 25 
ohms, so the transmitter SWR would be 50/25 = 
2:1. If terminals X-Y are left open, the resistance 
looking into points A-B would be 100 ohms, and the 
transmitter SWR will once again be 100/50 = 2:1. 

The characteristic impedance of the network is de¬ 
termined by these open and short circuit conditions 
where: 

Rc = y/(R s .cMo.cJ = yf(100)(25) = 50 ohms 

All of the original design requirements have been 
satisfied. 

During actual tune up, R L , the 50-ohm load resis¬ 
tance, is replaced by the input of the matching unit in 
the circuit in fig. 2. 

From fig. 1, it is seen that the power delivered to 
the load is 33-1/3 watts, or 1/3 of the transmitter 
output power of 100 watts at terminals A and B. This 
still provides plenty of power for tune up, yet offers 
an added advantage in that your “tune up QRM" has 
dropped by a factor of (10)(log ]0 )(l /3) = -4.11 dB. 
This reduction will be appreciated by other Amateurs 
on our already crowded bands. 

A few years ago I experimented with building and 
using ordinary two-watt carbon resistors in parallel. 
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ORLANDO HAMCATION and COMPUTCR SHOUJ 



MARCH 9, 10, 11, '84 
1984 Florida State flRfll Convention 

Some fantastic, downtown Location 

N€RR 1-4 & HIGHUURV SO, TH€ COMPLCTCLV 
AIR-CONDITIONED ORLANDO €XPO-C€NTR€ 

REGISTRATION $5 advance, $7 at door 

under 14 free 

for suuap tables, commercial booths, advance 
registration, or information, please send SR5€ to: 

HAMCATION CHAIRMAN 

P.O.BOX 15142 • ORLANDO, FLORIDA • 32858 




Company 


CODE PRACTICE TAPES FROM 
HRPG — Practice copying Morse 
Code anytime, anywhere. Whether 
you're upgrading your present license or 
just trying to up your code speed, a large 
assortment allows you to choose exactly the 

kind of practice you need. 

each tape 54.95 2/58.95 3/S12.95 

^CODE PRACTICE TAPES 

Here are three dillew SUacgnE code topes consisimg of randomly 
qeneralfcd,six character groups sent ai different speeds These rapes 
are enceJfenr for budding born jhe speed and copying accuracy needed 
tor contesting DXmg and tralhc handling 

DHR-STC1 - $4.95 HR-STC3 — $4.95 

7 5 wpm coco tor 2b minutes 25 wpm code for 20 minutes 

10 wpm code !or 2b mmutes 30 wpm COCfe for 20 minutes 

15 wpm code lor 2b minifies 35 wpm code for 20 mmutes 

HR-STC2 — S4.95 40 wpm rode tor 7D minutes 

15 wpm code for 50 minutes 
?? 5 wpm code tor 35 minutes 

HI/LO SERIES - Code Study Tapes 

in Shis unique senes characters are sent at high speeds with long 
pauses between each character l-or example HLCJ (15/2 5 wpmj 
consists of characters sent at a 15 wpm rate hut with 2 5 wpm spac¬ 
ing between each character These laces are excellent for Ihe beginner 
who warns to practice copying higher speed code without the fruit m- 
lion ol constantly gelling behind 

HR4ILC1 - $4 95 CHR-HLC3 — $4,95 

22 5/2 5 wpm code lor 80 mmutes 15/5 wpm code for 28 mmutes 
HR-HLC2 - S4.95 ] 5 7 b wpm code for 28 minutes 

22 W wpm code ip. 20 m.nules .]?{]? COd i, ( ° Q f m,nule ' 

S 7 5 Ann. rrirti- Inr mimjlfcS rlrt-HLLQ j4,yD 


This easy-to-usscmblc ID-4001 personal weather com¬ 
puter fives you up-to-thc minute meteorological readouts 
including timedatc, indoor and outdoor (F or C) tem¬ 
perature s, wind speed and direction, and barometric pres 
sure. Past weather data cun be recalled with the touch ol 
a button Kit priced ui $39^.95 Send I or complete details 
today usme me 

coupon below. ,_ r ^^m w 

t .iu: . ,il! ■■tayU . 

mil I k] \ ; 

i -M H \ 2S31 IS I J5-V-- V . 


COLORFUL 

CATALOG 


'I Please send me my FREE Hculhkit Catalop 
| feaiurmp the lD-4otn C omputerised Weather 
| St.itiun and mam vnher quality electronic kits 

■ Name_______ 


Address 


Heathkit 


Stale---/ip --—--_ 

MAIL !‘0: Hcuih t ompurty, Dept, 122-142 
ct-w Hehhm Harbor, Ml 49022 
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immersed in oil for a simple 50-ohm dummy load. I 
decided to follow the same procedure used then for 
the final T network, (fig, 2), in this project. My earlier 
tests had shown it was possible to use a heat dissipa¬ 
tion factor of 2.5 as a conservative approach for nor¬ 
mal tune-up time. To choose resistors, I checked to 
see what was available at my local electronics store,, 
and then calculated what was needed to approach 
the theoretical values previously identified. For R 
six 82-ohm, 2-watt carbon composition resistors in 
parallel equal 13,67 ohms with an allowable wattage 
rating of (watts per resist or)(number of resistors) 
(derating factor) = (2){6)(2.5} = 30 watts, which 
was above the previously calculated value of 26.8 
watts, I The values of resistors specified are shown in 
the parts list of fig. 2,1 

Although the actual network resistance values dif¬ 
fer slightly from the theoretically calculated values, 
actual tests showed the differences to be insignifi¬ 
cant in operation. The network is very tolerant of 
small resistance deviations. This means you can 
simply use off-the-shelf items — there's no need to 
handpick resistance values. 

There are other advantages in using the unit. Be¬ 
cause your transmitter SWR during tune up can 
never go above 2:1 under the worst of conditions 
(and even then your reflected power is still only 11 
percent of forward power), your final amplifier out 
put tuning con trol positions will be very close to their 
actual positions when you are finally tuned up to a 
perfect SWR of 1:1 > This makes tune up faster than it 
would be if you tried to tune up your amplifier while it 
was connected directly to your matching unit. Under 
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ftg, 2. Completed balanced T circuit values and place- 
merit in output line, 
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Comp/eted balanced T resistive network. 


the latter circumstances, the operation of tuner and 
transmitter controls is often so complex as to make 
one wish for four hands instead of two, and an extra 
pair of eyes to watch the SWR meter, lest it go much 
over 2:1, 

Another advantage of the unit is that you can 
switch it from TUNE to TRANSMIT when you are 
tuned up without having to turn off transmitter 
power, the circuit design prevents dangerous switch¬ 
ing transients from occurring. Finally, because the 
unit is an in-line device, you will not need an expen¬ 
sive coax switch as might be necessary with a reguiar 
dummy load. 

Although the design shown was for a balanced T 
network, an equivalent Pi network with suitably cal¬ 
culated resistances and wattage values works just as 
well. The technique is also adaptable for high power. 
Actually, my first unit built was a converted home¬ 
brewed, flea market , 1 kW gallon-sized dummy which 
used a number of vitreous enameled non inductive 
resistances, similar to the ones manufactured by 
Dale Electronics, Inc., P.O. Box 609, Columbus, 
Nebraska 68601. Although my copy of their catalog 
did not specify the highest frequency at which their 
non-inductive resistors could be used, my old re 
structured dummy, with similar resistances, worked 
fine down through 10 meters. 

This device has also been thoroughly tested by Russ 
Forsyth, K4YS, under a variety of operating condi¬ 
tions, His helpf ul suggestions and comments are part 
of this article. 


— -—---—-—t 

An nghts to the unit. except pubiFcanon rights* have been assignee? 

to Martin F Jut?, President. MFJ Enterprises. Inc , Bon 494 Missis 
sippi Slate Mississippi 29762 Ed'Ho* 
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THE SATELLITE 
EXPERIMENTER’S 
HANDBOOK 

Now, under one cover, here is all you need to communicate through 
or pick up the signals from orbiting satellites. Whether your interest is 
in Amateur Radio, weather or TV-broadcast spacecraft, you'll find 
what you're looking for in The Satellite Experimenter *s Handbook. 

Since the first OSCAR (Orbiting Satellite Carrying Amateur Radio) 
was launched in 1961, thousands of ham radio operators, scientists, 
educators and satellite enthusiasts from around the world have used 
these "birds" for pleasure, education and experimentation. You can 
join them? And if you’re already into satellite communications, you’ll 
find a wealth of practical information on all aspects of these 
spacecraft—from satellite design to ground-station equipment and 
antennas. 

Whether you're a beginner, an experienced satellite enthusiast, a 
teacher or a scientist, youll find The Satellite Experimenter's 
Handbook to be indispensable. $ 10 U.3., $ 1 1 in Canada and Else¬ 
where. Copies available soon, ARRL, 225 Main St, Newington, 
CT 06111. 


ORDER TODAY! 
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The T.E.L. Model CS-1100 

Total Communication System. 

AT LAST! There is a state-of-the-art CW/RTTY/ASCII 
communications system that meets the sophisticated 
operator's demands for a quality product 


Feature 

CMOS uproeessor based. 
Membrane Switch front panel. 
16 c hr Intelligent LED display. 
Super Narrow Fillers. 

Built-in 110 VAC supply 
500 chr Buffer (all modes). 
Parallel Data Port. 


Benefit 

No RFI problems 
Insures reliability 
Readable to 12 feet 
No tuning required. 

No extras to buy 
Review received text 
Connect to any printer 
or computer 



CWOperation; Send/ 

Rev 5-90 wpm with Auto¬ 
matic Speed Tracking, 

Four-99 chr memories 
with ability to insert text. 
will key any rig 

RTTY/ASCII: Receive at 
60, 67, 76, TOO wpm and 110, 

300 Baud with One Button Speed Selection 
A 30e?ay (jr»cond/t/o/iatguaranteeandiyearpans//at)OJ r warrantee 
assure satisfaction Dealer inquiries invited 
Send for a free data package and companson sheet 




., Random Access Inc. 

*▲ PO. Box 61117 Raleigh. N.C. 27661 


Now you can build this 
16/8-bit H-100 Computer 
the easy Heathkit way! 

Power-packed performance works to your advantage 
with our 16/8-bii H-100 Series Computers. The All-In 
One model (shown here) or the sleek Low-Profile 
model will meet 
your computing 
needs now and 
in the future be¬ 
cause of versatile 
expansion ca¬ 
pabilities. Send 
for complete de¬ 
tails today using 
the coupon 
below. 




/a 




COLORFUL 
CATALOG 

i Please >cm! me my FREE: Heathkit Oita lug 
\ featuring the H-HHl Series ('ompuicrs and 
many ocher quality electronic' kiI> 


Name 


Address 


Apt, 


Heathkit' j c "' 


Heath 


Companv 


MAIL TO: I teach Company. I Xpl 122-143 
ci 7^a Benton Harbor, Ml 49022 
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OUTSTANDING PERFORMANCE 

with MOSLEY ANTENNAS 



TA 33 Jf 

Three element 
rotary beam 
aerial 
KM5-20M. 
Rated to 300W 


Two element 
rotary beam 
aerial 
10 15 20M 
Rated lo 3GGW 
MODEL Ta 32 jr 


MODEL Pro 37 


The Pro-37 follows In the Mosley tradition of high performance dependability, and quality con 
struction. The Pro-37 is pre-drilied for easy assembly No adjustments or measuring Average 
assembly Is about 1 Vj to 2 hours As with all the Mosley aniennas we use stainless steel hard 
ware throughout. Rugged construction metres our antenna the cleanest, strongest of its class no 
cluttered elements or boom to cause electrical and mechanical problems down the road Pul il up 
and leave il up In performances it has no peers H is as broadbanded Or brpaderbanded than any 
antenna made Its gam and from to back is as good or better Ihan other aniennas in its class, even 
those with Jonger booms Mechanically we feet it's ihe best buhl 

The Pro-37 has 7 elements on a 24 foot boom which needs no boom support It has 3 wrde spaced 
elements on 20 and 15 not counting ihe extra driven elemprn 10 meters has -1 wide spaced 
elements not counting the extra driven element The Pro-37 uses a unique direct feed system 
which enables the driven elements to contribute gam to Ihe antenna while giving il the broadesi 
possible frequency specifum Clean design makes the antenna easy to assemble and erect and 
solves maintenance problems No clutter on me elements or boom The Pro-37 uses the proven 
Mosley traps which on the Pro-37 will handle 2 5 KWDC out on C W and 5 KWPFR on SSB 
We re quite excited about the Pro-37 and we know you will be loo 1 


Vertical Aerial 10 thru 40 no band 
switching is necessary Very por 
(able and no pipe mount needed 

MODEL V 4 6 


Want 40 Meter D ? 
Then Try... 


MODEL CL 33 


BROAO0AAIDED SINGLE ELEMENT 
Can be made into 2 element or 3 element Jaier 


WANT A HIGH PERFORMANCE TRI-BANDER 
BUT SMALLER? 

THEN THE CL 33 IS FOR YOU? 

3 elements on an t8 boom 

Wide spaced (or gam higher than normal sue 

TRl Banders 

Uses Our Classic teed system 
Paled al 1K.W CW and 2KW on SSB 


and SWL/DX Dipole Kit 

for IT*13-16*19*25-31'49 mattn 


FULL SIZE PERFORMANCE WITH 44 ELEMENT 



AND A 20 ■ BOOM 

Excellent Gain and Front to Back Here s a fow cosi 7-band receiving dipole aerial km Complete wrrh 

Strongest Quill 2 EJemeni on 40 Meters IPs* will pick up those hard-to-got DX stations a Trap Assemblies 

Good Bandwidth Can be made to 3 element later Everything included just attach the wires and Transmission Line Connector 

you're on the arr r Weatherproof traps enclosed in Insulators 

Poiy Chem lor stable ail-weal her performance 45 ft No 16 Tinned Copper Wire 



MODEL SWL 7 


100 ft of 75 ohm twin lead 


1344 Baur Boulevard Si Louis Mo 63132 T-314-994-7872 t 800 325 4016 
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WINTER SALE 


NOW THE PRO-SEARCH "BASIC MODEL 
PSE-1A DIGITAL ROTOR CONTROL 

ONLY $ 199.9 


m 


For Conleslers, 

DX'ers. Handicapped 
Operators and General 
p tlrposg Ham 
Operators: 

The Most Advanced 
Antenna Control 
Avail ble*„ 

■ Bright Easy to 
see 'h* LED's. 

m Automatic Brake 
Control 

■ Single Button 
Movement 

■ 2 Memories 

■ Punch in Headings 

Contesters: 



L* - 


. *; 

v 


- .“_T_ V- ^ 

■ 


| 

l CURRENT 


\ 


f ’ " 

1 

^4 

" 


/ 

AF 


STR 


BRAKE 
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H Qj Q 


Pro-Search Rotor Controls 
handles your Rotor lor you! 

No Mods to your Rotor just 
connect your present 8 wire 
cable to our unit and it will 
allow you Hands OH Operation 
while brightly displaying your 
Rotors position on inch 
LEDS. 

OX'ers: 


Current Heading 
Display 




Programmable 
Keyboard and Memory 
Functions 


PSE-TA + Ham IV 299 05 
PSE-1A + T2X ‘ 344 95 


The PSE-1A automatically 
handles ihe Rotors brake 
protecting you against 
accidently dropping it in while 
your Rotor is still moving 

New or Old Hams: 


i 


Need a complete system? 

Add a new Telex Ham-IV for 
only St00.00 when purchased 
as a package! Don't miss this 
one offer only available for a 
limited lime Pro-Search The 
Quality Controller Company 


■p’mithl vs Kh iii'fnn . ,him o* TF L f ■ M> 

WHY NOT HAVE THE BEST IN CONTROL SYSTEMS 

FOR PENNIES MORE'* 

Compare Our Price To A Manual System 
- Very Close — 

In Performance Ugh! Years Away 1 
Remember You Only Make This Purchase Once 


Pro Search is 
Adaptable To Many 
Systems, Simple 
To Install. _ 

No modifications are 
necessary. 

Disconnect your 
present antenna 
control system and 
connect ou«s. 

PSE-i A is used with 
HAM-M, HAM4I, 

‘ill, lV r and TX* 

Other models 
available 

To Order: 


1-800*325-4016 
1-314-994 7872 (Missouri! 


Or Write: 


Pro-Search Electronics Inc, 
1344 Baur Boulevard 
St Louis, Mo 63132 

*P.j(erii Pending 
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Correct carrier oscillator adjustment, 

good linearity 
and the proper microphone 

make the difference 


better-sounding SSB 


If you want your SSB transmit audio to sound 
like your voice, this article was written for you. 

I have never accepted the notion that good audio 
died with AM, After all, isn't SSB just AM with two 
of the unnecessary parts removed? The question is, 
why doesn't SSB audio give you good audio quality 
all the time? Armed with some electronic test equip¬ 
ment and a yearning for nice sounding audio, I set 
out to find the answers. 

The results of my research indicate that three cri¬ 
teria must be met to achieve transmit audio quality 
that compares favorably with AM: the first is smooth 
frequency response; the second, a wide enough 
passband or "window" to be able to include most of 
the important frequencies in a human voice; and 
third, distortion should be low enough so that the 
voice does not sound rough. 

generating SSB 

In most SSB transceivers the mixing of the voice 
(audio) frequencies and the RF takes place in a 
balanced modulator. The balanced modulator is real¬ 
ly a mixer that combines the audio and RF together. 
However, mixing is not an accurate way to describe 
the process, since the output is the sum of the audio 
frequency and the RF, or carrier frequency, and the 
difference of the audio frequency and the carrier fre¬ 
quency. (The name "mixer" should probably have 
been "adder-subtracter.") The sum output is upper- 
sideband (USB). The difference output is lower-side- 
band (LSB). Since both USB and LSB come out to¬ 
gether on the sole output terminal, the result is 


I double-sideband (DSB). Because of the balanced de¬ 
sign of the modulator, neither the audio nor the car¬ 
rier oscillator (input) signals should appear in the 
output. 

It is important to remember that USB is always an 
addition process, and that LSB is always a subtrac¬ 
tion process. For example, with a carrier frequency 
of 10,000,000 Hz and an audio frequency of 440 Hz, 
the USB output is 10,000,440 Hz and the LSB output 
is the difference or 9,999,560 Hz. If a second audio 
frequency were also fed into the balanced modulator 
along with the 440 Hz signal, then two frequencies 
would appear on USB and two frequencies would 
appear on LSB. If 1000 Hz were included with the 
440 Hz signal, the USB would contain two frequen¬ 
cies: 10,000,440, Hz and 10,001,000 Hz. LSB would 
also contain two frequencies; 9,999,560 Hz and 
9,999,000 Hz. When a voice is applied to the input of 
the balanced modulator, the output becomes more 
complicated, since a human voice contains many fre¬ 
quencies, but the additive and subtractive processes 
still apply. 

producing just one sideband 

The most popular system of selecting only one 
sideband incorporates a filter to reject the unwanted 
sideband and pass the desired sideband. It is com¬ 
mon practice to use only one filter for both side¬ 
bands. In order to do this, two different carrier oscil- 

By Richard L. Measures, AG6K, 6455 La 
Cumbre Road, Somis, California 93066 
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fig. 1. A typical 2400 Hz SSB filter with carrier oscillator 
frequencies set 300 Hz from filter window edges. 


lator frequencies are used. On USB the carrier oscil¬ 
lator is placed about 300 Hz lower than the low fre¬ 
quency edge of the filter window. Since USB adds 
the voice and carrier frequencies, the sum will be 
higher than the carrier frequency and any audio fre¬ 
quency of 300 Hz or more will create USBs that can 
pass through the filter window. On lower sideband, 
the carrier frequency is placed about 300 Hz above 
the upper edge of the filter. Since LSB subtracts the 
audio frequency from the carrier frequency, an audio 
frequency of 300 Hz would just reach the upper edge 
of the window. In either case an audio frequency of 
200 Hz would be mostly rejected since it could not 
add or subtract enough to each carrier frequency to 
reach the window. If the carrier oscillators were reset 
to a point 200 Hz from the edges of the window, then 
200 Hz would produce a signal that will pass through 
the window. It is important to remember that the 
audio frequency itself does not pass through the win¬ 
dow. The signals that pass through the filter are at a 
radio frequency, usually around 9 MHz. These sig¬ 
nals are offset from the carrier frequency by the 
audio frequency. In order to receive SSB, the signal 
is combined with the same carrier frequency in the 
receiver as was used originally in the transmitter. The 
combining is done in another mixer called a product 
detector which produces audio output. This is the re¬ 
verse of the process that began in the balanced mod¬ 
ulator. 

what voice frequencies are needed? 

In the above example with the carrier oscillator fre¬ 
quencies set 300 Hz from the upper and lower fre¬ 
quency edges of the filter, it was shown how a 300 
Hz audio signal would just reach the filter window . 
The next point to consider is how high in frequency 


can the audio signal go without missing the filter win¬ 
dow. This is an important consideration because 
human speech contains high frequency sounds that 
are made by using the tongue to direct airflow 
against the teeth. This group of sounds, known as 
sibilants, includes S, soft C, F, and H. To do real 
justice to human speech, the window should allow at 
least 2800 Hz to pass. Allowing only 2500 Hz to pass 
makes a noticeable difference in the clarity of the 
sibilants. If a standard 2400-Hz wide filter is used, 
then the opposite side of the window is 2400 Hz 
away from the edge of the filter where the frequency 
generated by the 300 Hz audio signal would pass 
(fig. 1). The highest frequency audio that could pass 
without failing out of the window would be 300 plus 
2400 or 2700 Hz. This audio would be acceptable, but 
would have more sibilance if the carrier frequency 
were moved 100 Hz farther from the filter window 
edge. This would move the audio passband from 400 
Hz to 2800 Hz. This audio would be pleasing to most 
people with normal hearing. If a wider filter window 
were used — 2700 Hz — the audio quality would 
sound even better, since the carrier oscillator fre¬ 
quency could be reset so that the full range of impor¬ 
tant human speech frequencies — 300 Hz to 3000 Hz 
— could pass through the 2700 Hz window. 

linearity 

If the audio sounds rough and splatters on other 
frequencies, then linear operation is not occurring. 
The human ear can detect low levels of distortion. 
Some musicians can hear less than one part distor¬ 
tion in 10,000. That is - 40 dB. I don't notice on-the- 
air distortion if it is -38 dB or better. If a station 4 
kHz down the band has a 30 dB over S9 signal and 
his distortion products are down only 30 dB, you are 
going to see close to S9 splatter on the window you 
are listening to. 

Most of the radios on the market today are fairly 
clean. The cleanest by far are those with vacuum 
tube finals employing RF negative feedback. If 
operated conservatively, some of the solid-state 
radios can also deliver a clean sound. 

On my solid-state transceiver I was able to achieve 
-40 dB distortion products on my voice, but only 
after carefully setting the driver and final transistor 
idling current to the values called for in the service 
manual. I could only maintain the -40 dB distortion 
level if I kept the ALC level in the bottom quarter of 
the ALC scale. If I tried to operate with the ALC at 
the top of the "safe" range, the distortion increased 
by a factor of nine. 

This test does not apply to the common two-tone 
method of measuring distortion. A human voice is 
much more complex than two tones and provides a 
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more accurate and severe performance test. Blowing 
into three holes of a harmonica also works welf. 

The mechanism of non-linearity is essential if a 
mixer is to do its job of adding and subtracting. In an 
amplifier, non-linearity means that the amplifier is go¬ 
ing to do some unwanted adding and subtracting of 
any two or more frequencies fed into the amplifier in¬ 
put. Human voices have many frequencies. If the lin¬ 
ear amplifier is not linear, there will be more frequen¬ 
cies, and some of them are likely to land on someone 
else's conversation on a nearby frequency. 

measuring distortion 

Distortion can be measured with a separate re¬ 
ceiver, provided it has an S-meter of known accur¬ 
acy. The linearity of the S-meter is the essential fac¬ 
tor in making this test. The number of microvolts that 
equals S9 does not matter. Use a short clip-lead for 
the receiver antenna and a 20 dB attenuator. Tune to 
the frequency on which you are transmitting and 
watch the S-meter while you speak into the micro¬ 
phone. Note the S-meter reading and retune the re¬ 
ceiver either 4 kHz above or 4 kHz below the trans¬ 
mitter frequency. Speak again and note the S-meter 
reading. The dB difference is your distortion level. A 
reading of -40 dB is excellent. A reading of -30 dB 
is not quite anti-social, but -20 dB is definitely in the 
"skunk" category. The all-time record worst distor¬ 
tion I have witnessed was -9 dB — this is not the 
way to win friends. Measuring distortion as described 
works best on your own transmitter. It is possible to 
use the same method on the air to measure someone 
else's distortion, but fading signals can make meas¬ 
urements inaccurate. To do this, a real antenna is 
more useful than the clip lead. I recommend 4 kHz 
spacing to ensure that your receive window does not 
appreciably overlap the other operator's transmit 
window. If the windows touch, the measurement will 
mean nothing, since you won't be able to separate 
the distortion from the desirable audio frequencies. 

design defects 

During my first SSB experiments I was amazed to 
learn that listeners could detect a small change in 
flatness of frequency response. If your transmitter 
has a 3 dB loss at the high end, the lack of sibilance is 
noticeable. Many of the modern rigs on the market 
today have a built-in rolloff of the high frequency 
transmit and receive audio. The amount of high fre¬ 
quency (treble) rolloff varies from 4 dB to 10 dB in 
the rigs that I have measured, Usually the receivers 
have the more uneven audio response. 

The usual culprit in the transmitter section can be 
found at the collector of the microphone amplifier. In 
my transceiver there was a 0.015 microfarad capaci¬ 


tor from the collector to ground. About 60 percent of 
my 2900 Hz audio was going to ground at this point. I 
replaced this with a 0.001 microfarad capacitor and 
the treble passed through unscathed. Since the pur¬ 
pose of this capacitor is to prevent your own RF from 
getting into your audio, a non-inductive capacitor 
such as a disc ceramic type is advised. 

I noticed that the high frequency audio in my re¬ 
ceiver seemed attenuated. My test equipment con¬ 
firmed a 9.5 dB rolloff at 2900 Hz. This meant that 
11 .2 percent of the audio was making it to the speak¬ 
er at that frequency and that 88.8 percent was not. 
The culprit in this case was a large-value capacitor at 
the output of the product detector. The value used 
was 0.033 microfarad. This capacitor had a reactance 
of only 1600 ohms at 2900 Hz. The audio impedance 
of the product detector was about 5000 ohms. Shunt¬ 
ing a 1660 ohm capacitor to ground is bound to be a 
spoiler. The purpose of this capacitor is to let the 
audio pass and to suppress the RF energy. Again the 
capacitor is necessary — but the value must be picked 
with some prudence. (Bigger isn't always better.) I 
changed the capacitor to 0.0033 microfarad. The 
audio sparkled. Voices were easier to understand. 

microphones 

Anyone who reads the advertising for micro¬ 
phones knows that you need a special microphone 
for SSB. It sounded reasonable to me, so I bought 
two microphones with lots of "punch." One was a 
crystal element type. The other microphone had a 
rising response dynamic element. Both microphones 
had more highs than lows — just the ticket to "get 
more DX," I also owned a fiat response electret con¬ 
denser microphone. 

Early one winter morning I was working a DX sta¬ 
tion on 80 meters. I asked the DX station if he would 
listen to three different microphones and select the 
one that was easiest to copy under adverse condi¬ 
tions. I tried microphone number 1, number 2, and 
number 3. The microphone that produced the best 
copy was microphone number 3 — the condenser 
microphone — and the same microphone my local 
friends preferred to listen to. To be sure, this was 
only one test, but it certainly cast doubt on the tra¬ 
ditional view of what it takes to be understood on 
SSB. Perhaps we don't really need to sound like 
ducks after all. Many amateur radio transceiver 
manufacturers now offer condenser microphones. 
Most of the microphones worn by television news¬ 
casters are of this type. 

adjusting the carrier oscillators 

The most important adjustment in an SSB trans¬ 
ceiver is the carrier oscillator. This adjustment sets 
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WA5RCU 


00:00 00 




WEATHER HERE IS WARM TODAY 
WITH LOTS OF SUN. . .XYL SAYS 
TIME FOR DINNER SO 73S W0XI 



Kantronlcs has led the amateur community In software 
and total computer communications systems with our 
original program, HAMSOFT. With five-computer compat¬ 
ibility and reasonable prices HAMSOFT has become the In¬ 
dustry standard. HAMSOFT includes split screen display, 
type ahead buffer, message ports, and complete key¬ 
board control for Morse Code, Radloteletype, and ASCII 
communications, with THE INTERFACE Or INTERFACE 11, 
HAMSOFT can make any of five computers a complete 
amateur communications terminal. All programs are on a 
ROM board, except the Apple diskette. 

VIC-20 - $49.95, ATARI - $49.95, APPLE - $29.95, 
TRS-80C - $59.95, TI-99/4A - $99.95 





HAMTEXT is our advanced CW/RTTY/ASCII program 
for the VIC-20, COMMODORE 64, and APPLE computers. 
hamtext gives you the ability to store incoming mes¬ 
sages In the computers memory, transmit fifes directly 
from tape or disk, and use your computer to its fullest 
potential. Features like Diddle, Time Transmission, Text 
Transmission, Printer outputs, and Word Wraparound, 
make HAMTEXT the program for the serious amateur. 
HAMTEXT was created with input from our users as 
guidelines, and with total use of the computer in mind. 
Suggested Retail.$99.95 


For more information see your Kantronics dealer, or contact: 
K* Kantronics 1202 E. 23rd Street Lawrence, KS 66044 


PROGRAM OPTIONS 
RETURN TO BASIC 
EDIT MESSAGE PORTS 
SAVE MESSAGE PORTS 
LOAD MESSAGE PORTS 
SET XMIT BUFF SIZE 
EDIT HOLDING BUFFER 
SAVE HOLDING BUFFER 
LOAD HOLDING BUFFER 


I. SET TIME 
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B. 

C. 


D. 

E. 

F. 
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KANTRONICS AMTORSOFT 
COPYRIGHT 29 JUNE 1983 


CHOOSE 

S (AMTOR SLAVE) 

M (AMTOR MASTER) 
l (AMTOR LISTENER) 

P (PROGRAM OPTIONS) 
T (T/R OPTIONS) 


on January 27th, 1983, AMTOR, Amateur RadloTele- 
type Over Radio, became a legal mode for the amateur 
service, AMTOR is an essentially error-free radiotele¬ 
type form of communication. AMTORSOFT, Kantron¬ 
ics’ newest software package, gives your computer the 
ability to become an AMTOR communications terminal 
when used with The interface or interface 11 . AMTOR¬ 
SOFT Is currently available for the Apple, VIC-20, and 
COM-64 computers, amtorsoft brings you the newest 
In computer-amateur communications at an afford¬ 
able price. 

Suggested Retail .*89.95 
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the position of the audio frequency window on both 
RECEIVE and TRANSMIT* The only test equipment 
needed is a common audio generator that can be ad¬ 
justed for a few millivolts and an RF wattmeter- 
dummy load, Connect the generator to the micro¬ 
phone input. Adjust the audio frequency for 1000 Hz. 
Set the level at a value that is about half of the max¬ 
imum output power — for example, 40 watts. Adjust 
the generator higher in frequency until the wattmeter 
reads one quarter of the wattage produced when the 
audio frequency was 1000 Hz* This 25 percent power 
point is the minus 6 d8 rolloff. Move the audio fre¬ 
quency lower until the power drops to 25 percent 
again. All of the frequencies between these two 
audio frequencies comprise your transmit window. If 
you find that your high frequency term is less than 
2800 Hz at the rolloff point, your carrier needs to be 
moved farther away in frequency from the filter win¬ 
dow. The low frequency rolloff should be 300 Hz or 
higher, but not above 400 Hi or it will sound thin for 
tinny}. If you are using a 2000-Hz wide filter you have 
a problem unless you want to sound like a 1910 model 
telephone. Wider filters are available for many rigs, 
direct from the manufacturer. I bought 2700 Hz filters 
for both of my transceivers* 

Some people believe that a wider filter will impair 
reception because of increased splatter from adja¬ 
cent stations. Most of the splatter on the ham bands 
is due to distortion products coming from the other 
fellow's transmitter; distortion products such as 
these can never be eliminated with a receive filter 
because the distortion is on the same frequency as 
the station you are trying to listen to* 

There are devices on the market that will correct 
for a slight loss in treble transmit response caused by 
a 15'cent capacitor being the wrong value. But if the 
carrier oscillator is misadjusted* these devices will not 
be effective. For example, if the carrier oscillator is 
set so that the high frequency rolloff is 2200 Hz, the 
SSB filter is going to have the last word on what gets 
through. Boosting the treble with an accessory can 
make the problem less noticeable, but will not restore 
the high frequency rolloff to 2800 Hz as it should be. 

Carrier oscillators can also be adjusted by ear. The 
rule is to simply set it to where it sounds good* While 
this may take a little longer than it would using test 
equipment, the method works. The only problem lies 
in finding a listener who is not afraid to tell you what 
you really sound like so you can know which way to 
move the adjustment. Some people don t want to 
hurt your feelings; they don't like to give a "bad' r 
report. 

Clean audio is a pleasure to listen to on the air, and 
rotten, splattering audio is a blight on the bands* 

ham radio 
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TECHNmUES 


the groundplane 
loop antenna 

Every once in a while an interesting 
antenna comes along that causes me 
to ask, "Why didn't I think of that 
idea?" A case in point is the ground- 
plane loop antenna described by 
Hans Wuertz, DL2FA, in cq-DL, the 
monthly publication of the German 
Amateur Radio Club. An English 
translation of the pertinent data on 
the loop was recently published in 
Radio Communication , the journal 
of the Radio Society of Great Britain 
(RSGB). 

The basic configuration of the 
DL2FA loop is shown in fig. 1. The 
design is a half of a full-wave loop 
antenna with the other half formed by 
the ground image. With a 0.2 wave¬ 
length half-loop for the lowest oper¬ 
ating frequency, DL2FA claims that 
the antenna can be tuned to cover a 
2-to-1 frequency range (3.5 to 7 MHz, 
for example). 

Even though the radiation resis¬ 
tance of the antenna is low, the effi¬ 
ciency of the antenna is excellent, 
and at 3.5 MHz the field strength is 
only 2 dB less than a full-size quarter- 
wave vertical antenna. At 7 MHz, the 
field strength is within 0.5 dB of a full- 
size vertical. 

To achieve low loss, the loop and 
ground return are constructed of 
3/8-inch (approximately 10 mm) di¬ 
ameter copper tubing. The copper 


__ LENGTH*0.2 K 

_ FOR LOWEST FREQUENCY 

j \ Vc? 

C lp GROUND RETURN TUBING —^ | M W- 

in / un i n / / /! ? i / u 11 / / n nnJrn rmn 

fig. 1. The DL2FA groundplane loop with 
gamma match feed. Tap point is approx¬ 
imately 0,04 wavelength. Ground return 
tubing is soldered to ground screen. 
Semicircle length is 27 feet 6 inches for 
80-40 meter operation. 


tubing that runs along the surface of 
the ground is soldered to a ground- 
plane or mat made of chicken-wire 
(size not specified). 

Measured data for the groundplane 
loop is tabulated in table 1. 

FIBS revisited 

A few years ago 80-meter oper¬ 
ators in southern California and 
Arizona were surprised to hear one of 
the rarest broadcasting stations in the 
world: the Falkland Islands Broad¬ 
casting Station operating on 3.958 
MHz. The signals would appear on an 
otherwise dead band in the late after¬ 
noon hours for a few moments and 
then disappear. The signals seemed 
to peak in the spring and fall. 

Reports indicate the station is be¬ 
ing heard once again. It seems that 
they are using single sideband with 
carrier, with the audio present on the 


upper sideband. Reception reports on 
this unusual station would be appre¬ 
ciated. The programs consist mostly 
of pop and disco music with BBC 
news on occasion. 

It is thought that the FIBS prop¬ 
agation into the Northern Hemi¬ 
sphere is by other than normal ion¬ 
ospheric reflection. One theory is that 
the signal (and other DX signals near 
that frequency) may be propagated 
by a "whistler" path which extends 
into outer space far beyond the 
ionosphere. 

a simple 50 to 75 ohm 
RF transformer 

Shown in fig. 2 is a simple high- 
frequency transformer that provides 
wideband transformation between 50 
and 75 ohm unbalanced lines. The 
design is by JA1AKP, and appeared 
in a recent issue of CQ-ham radio 
(Japan). The transformer is wound 
on a FT-114 (/x = 125) No. 61 ferrite 
core (Amidon FT-114-61) having an 
outside diameter of 1.142 inches and 
an inside diameter of 0.75 inch. A tri- 
filar winding of No. 18 wire is used, 
with two coils having 8 turns and one 
coil having 4 turns. 

A 100 pF mica capacitor to ground 
is placed at the junction of the two 8 
turn coils and a 10 pF capacitor to 
ground is placed at the 75 ohm port. 
The units are 500 volt rated. The 
balun is designed for 3.5 to 30 MHz at 
the 100 watt average power level. 
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The Dayton HAMVENTiON will present three 
awards to selected recipients at the 1984 
HAMVENTION on April 27, 28. 29. 1984. in 
addition to the AMATEUR OF THE YEAR and 
the SPECIAL ACHIEVEMENT awards, a third 
award for TECHNICAL EXCELLENCE will be 
given annually for outstanding accomplish¬ 
ment specifically oriented to the technical 
aspect of amateur radio. 

Nominations are requested for each of 
these prestigious awards. The deadline for 
submission is April t, 1984. Write for addi¬ 
tional information. 

AWARDS COMMITTEE 
1984 Dayton HAMVENTION 
P.O. Box 44 
Dayton, Ohio 45401 
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ancient modulation 


Since the late 1950's single side¬ 
band has reigned supreme on the 
Amateur bands. Users of amplitude 
modulation ("ancient modulation") 
have been greeted with derision and 
have gradually retreated to obscure 
regions of 160 and 10 meters. Many 
newly-licensed Amateurs have never 
heard an AM ham signal! 

While Amateurs may pride them¬ 
selves that sideband has provided 
them with a quantum leap ahead in 
communications reliability, they may 
forget that amplitude modulation is 
still the prime communication me¬ 
dium in the world. After all, the 
broadcast band is full of AM signals, 
and there are a lot of them! 

Generally speaking, while the quali¬ 
ty of Amateur SSB voice transmis¬ 
sion has deteriorated,* the quality of 
AM transmission has improved. The 
modern term for broadcast quality is 
"transparency" — the transmitting 
system must be "transparent" with 
regards to the modulating signal. 

While much thought and ingenuity 
have gone into AM transmission in 
the last decade, most of it has by¬ 
passed the Radio Amateur. New 
techniques, such as high-level pulse- 
duration modulation, AM stereo and 
audio processing are unknown in the 
ham bands, but noise reduction sys¬ 
tems, equalizers, delay/reverb ef¬ 
fects, level controllers, low frequency 
extenders and other processing tech¬ 
niques are routinely used by AM 
broadcasters to make their audio 
more realistic and outstanding. 

On the receiving end of the line, 


75 ohms 


10 


fig. 2. Wideband transformer to match 
50 ohms to 75 ohms over the range of 3.5 
to 30 MHz. Amidon FT-114-61 (or equiv¬ 
alent) core is used. Trifilar winding of 
No. 18 wire consists of two coils of 8 
turns and one coil of 4 turns. See text for 
further details. 



even the less expensive clock-radio 
combo receivers have audio systems 
that make the average ham receiver 
blush with shame. 

Even though most ham signals are 
"strained" through a narrow-band IF 
filter, there is no reason why the rest 
of the receiver should be below par as 
far as audio quality goes. 

Recently I put a little audio feed¬ 
back around the output stages of my 
trusty ham receiver, replaced the 19- 
cent (?) output transformer with one 
that had some iron in it, and ran the 
whole works into a spare stereo 
speaker. My goodness! I didn't re¬ 
cognize the sound of the ham bands! 
A lot of signals (whose operators 
previously sounded as if they were 
talking into a tin can at the end of a 


table 1. Groundplane loop dimensions and performance data. (Courtesy of Radio 
Communication, published by the Radio Society of Great Britain and available from 
Ham Radio's Bookstore, Greenville, New Hampshire 03048.) 
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bandwidth 

efficiency 

comparison 
with 1/4 wave 

band 

semicircle length 

<pF) 

{- 3 dB points) 

% (MHz) 

vertical 

3.5- 7.0 

27ft 6 in (8.4 m) 

332 

5.7 kHz 
to 67 kHz 

70(3.5) 

96(7.0) 

-1.91 dB 
-0.55 dB 

7.0-14.0 

13 ft 9 in (4.2 m) 

184 

11 kHz 
to 147 kHz 

77(7.0) 

97(14.0) 

-1.52 dB 
-0.50 dB 

14-28 

6 ft 10 in (2.1 m) 

102 

24 kHz 

to 323 kHz 

83(14.0) 

98 (28.0) 

-1.22 dB 

-0.47 dB 


long string) actually sounded quite 
pleasant, and some signals sounded 
downright natural! 

I then wondered what my trans¬ 
mitted audio quality was like. I put a 
good audio generator into the trans¬ 
mitter and looked at the audio signal 
as it entered the balanced modulator. 
I didn't like what I saw. Any resem¬ 
blance to a sine wave was minimal. 

It was no job at all to add a feed¬ 
back resistor and to change another 
resistor in the low-level audio stages 
to make the waveform look very pass¬ 
able. Now, what came out of the ex¬ 
citer audio system bore a close simi¬ 
larity to what went in. 

At this stage I stopped as I became 
bogged down into an interminable 
discussion of microphones with 
friends who knew a lot more about 
them than I did. The consensus was 
that the best way to improve audio 
quality was to throw away the micro¬ 
phone that came with the exciter and 
buy a good one! Without exception, 
all of my friends who had particularly 
pleasing and "punchy" signals on the 
air had replaced their standard trans¬ 
mitter microphones with different 
(and more expense) units. 

So there it is. The "ancient mod¬ 
ulation" techniques of 1984 and the 
techniques used by up-to-date broad¬ 
casters certainly have some merit for 
use in the Amateur bands. Which of 
these new techniques should we ex¬ 
amine? I throw the column open to 
discussion from the readers. (What's 
the input from hams who work in 
broadcasting? I'd especially like to 
hear from you.) 

staggered stacking 

It is common practice in the VHF 
bands to stack two or more high-gain 
Yagi beams to obtain increased gain. 
Adjustment of the stacking distance 
can improve sidelobe reduction of the 
array. 

Experiments conducted by G.J. 
McDonald, VK2ZAB, and reported in 
the Australian magazine Amateur 
Radio , indicate that an improved 


*See "bettersounding SSB/' page 58 — Editor 
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fig. 3. The VK22AB array employing 
staggered stacking. Bottom Yagi is ad 
vanced one-quarter wavelength in front 
of upper array and extra quarter wave 
length is added to the phasing line. 
Front-to back ratio is improved by this 
modification. 


front-to-back ratio in a Yagi stack can 
be achieved by staggering the amen* 
nas. That is, the bottom Yagu of each 
vertically stacked pair is advanced 
one-quarter wavelength on its mount¬ 
ing so that it projects one-quarter 
wavelength in from of the upper array 
ifig. 3), The phase lead in the for¬ 
ward direction is cancelled by adding 
an extra quarter wavelength to the 
phasing harness connected at the 
bottom Yagi. thus insuring that the 
current to both arrays arrives from 
the feed junction in phase. 

Signals arriving at the rear of the 
array are subject to a 90-degree lag by 
virtue of the position of the bottom 
Yagi relative to the top one, plus the 
additional 90-degree lag caused by 
the extra length of phasing line. 

Results? With a conventional stack 
of two Yagis, the measured front-to- 
back ratio was about 12.5 dB + The 
staggered stack provided a front to- 
back ratio of 24 dB, for an improve 
men: of 11.5 dB. And that is equiva¬ 
lent to about 2 units enough 
to make the difference between just 
being able to copy a DX signal 
through GRM from the rear of the 
array and copying it comfortably! 

Final measurements showed the 
staggered! stack had about 0.25 dB 
more gain than the conventional 
stack and also reduced the sidelobes 
to some extent. 
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SELF STANDING COMPUTER TERMINALS 

We acquired a small number of these beautifully made computer 
terminals which were made by a major U* S* manufacturer* We 
do not know all the details about them at press time, but we can 
tell you that someone lost over $2000 on each of them* They lose 
you win* The terminals feature 3 micro-processors for powerful 
capabilities, 106 key. Hall Effect ASCII keyboard, 10 user define- 
able keys, EAROMs, 16K RAM, 48K ROM, serial RS 232 asyn¬ 
chronous data communications, {synchronous optional), select¬ 
able baud rates of 75-38 4K BPS, high resolution, 12” green 
screen, composite video monitor, 80 X 25 line scrolling display, 
built-in reverse video option, self-contained, lightweight, tightly 
regulated switching power supply & more than can be fit in this 
space. The terminals were designed to be daisy chained around a 
central host computer and used as individual work stations* The 
host system could then selectively address any machine in the net¬ 
work for any message it may have* All units are visually inspected 
prior to shipment* An operators manual is provided w/ each unit* 
Shpg* wL 55 lb* model no* MT 686 $289*00 
With the addition of our TP 420 dual FDD system below, you can 
create your own office system* 

We offer the following as options: schematic pac* 3 lb* $ 10*00 
USRT for synchronous data comm* w/ installation data $ 10*00 
25' RS 232 cable, 1 male & 1 female DB 25 connector $ 20.00 
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TP 420 DUAL MINI-FLOPPY DISC SYSTEM 

The TP 420 is an extremely versatile mini floppy disc drive sys¬ 
tem* It consists of 2 Shugart SA 400 5 W' floppy disc drives, as¬ 
sociated logic, controller card, power supply, cooling fan, and 
case* The TP 420 has a built in controller card which features: 
Z 80 A CPU, Z 80A DMA, Z 80A CTC, Intel 8271 controller 
chip, 6K RAM, ROM, plus other goodies* We have been told 
that the serial interface controller card within the TP 420 will 
support up to 4 8” drives from the unused port on it* The con 
troller cant can be easily removed should you wish to use it on 
some other system. Also built in is a tightly regulated, switch¬ 
ing power supply which runs on 115/230 v 50/60 liz„ The TP 
420 is shipped w/ the interface cable for the MT 686, data, & 
schematics* Shpg* wt* 22 !b* Stock no* TP 420 $300.00 



FDR-27 NAVY RADIATION METER 

Just released by the US Navy, They appear to be in excellent condition and include the 
fitted aluminum transit case Battenes not furnished but are available in most electronic 
supply houses. 4 ranges 0.5 to 500 mr/hr Removable hand probe, detection of Beta 
and Gamma radiation With todays wortd conditions and perhaps proximity to a nuke 
power station, rt might provide a little insurance to own one ot these instruments. With no 
facilities to check or test, we offer AS IS. visually OK Schemata provided with each We 
have some accessories and offer as an option although not required for operation. 
Shipping wgt. 22 to PDR-27 Rad Meter $50 00 

PDR-27 phones $7 00 Approx 100 page Instr Book $ 10 00 

Hi Sensittvtty GM tube $ 10,00 Low Sensitivity GM tube $5 00 

The above listed tubes are already instated tn the meter 
We are oftenncj these as spares tf destred 
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For OSCAR 10 and Russian 
Sat ell ite Communica 1 ions 


nnr • rtr.H/ • new • rtt:w • net* * 

REMOTE CONTROLLED 

I, .ANTENNATUNER 


2MI4C 


- installs outside at 

the antenna * Max- 

yj ■■ rmum efficiency * 

uEh^. danc^ match * Fin- 

i gertip control • 

Works all bands 
with low VSWR 

| 160 thru 10 meters 

continuous * Works wrth all antennas, 
doublets, inverted V’s, verticals, single 
band, multiband, trap or parallel type ele 
ments. Also available in mobile version for 
full band coverage from driver s seat 

Model VT 4 Home installation 
Model VT-3 Mobile installation 
ONLY $159 00 ^ 1M 

For more ml Donation write 

VECTOR RADIO 

PO 8ox 1166 • Cardiff, CA 92007 




See rout local KIM dealer or write for our complete cawh i 

LlsUJ 

PO. Box 816. Morgan Hili. CA 95037 


electronics Inc. 


KLM» Circular Polarized antennas have been specifically <1e- 
siguctl to optimize OSCAR 10 and Russian satellite operation. 
Quality workmanship and superior design, yield virtually per¬ 
fect circular patterns over the satellite operational bandwidth. 
Enjoy less Multi-Path Distortion, less Flutter. Fade, and better 
S N Ratios, with comparable performance on transmit. 

Both the 2M-14C and 435-t8C sport virtually unbreakable 3 16 
rod parasitic elements anchored thru the boom, lolded dipole 
driven elements produce excellent physical and electrical sym¬ 
metry for years of constant performance. 

Specifications: (2M-I4C) 

BANDWIDTH: .. 144- ISO MHz BOOM LENGTH:.12 9 

GAIN: .II (IBcIc VSWR: .1.2:1 

HEAMUIDTH: . 48 WINDLOAD: . 1.25 sq. fl. 

FEED IMP: . 50 ohm unbal. WT. (LBS): .... 7.5 

DAI.I V . .4:I.2KW El-UPTICH Y:.I 8B Max. 

CIRCULARITY SWITCHER: ... INCl.l DED 


Specifications: (435-loC) 
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BOOM LENGTH: .7.3 fl. 
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WT.fl.BS): .-.4.5 

MAST Dl A: .Cen- Rear 1 Vi 

CIRCULARITA' SWITCHER . 
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! S B I 

V Oil * A I ft I ft n * ■ * m rn + ■ * ■ + m * ■ 4 * P « * 

FEED IMP: .50 ohm unbal. 
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ELLIPTIC1TY:.3dB MAX. 

.......... “ . (CS-2) OPTIONAL 


The 435-18C is a star performer, an 
optional CS-2 circularity switcher 
puts left, and right-hand circular 
control in your shack* and doubles 
as a two port divider impedance 
transformer for single Iced line 
convenience. 
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FCC LOWERS 
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FCC changes make obtaining a High-level 
Radio Telephone License much easier now 
Eliminate unnecessary study wilh our short¬ 
cuts and easy to follow study material Obtain¬ 
ing the General Radio Telephone License can 
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ing Radar Endorsement 

A small investment tor a high-paying career m 
electronics 

$19.95 ppd. 

Satisfaction Guaranteed 
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VHF meteor scatter 
communications 


Sporadic meteor activity 
improves reliability 

Meteors are space junk — typically, small bits of 
stone or metal from a passing comet, or perhaps left¬ 
overs from the formation of our solar system. 

When a meteor enters earth's atmosphere it al¬ 
most always burns up. Its violent passage produces 
heat, light, and an ionized trail of gases in the upper 
atmosphere which reflect or reradiate radio signals, 
an effect known by those who observed the return of 
American astronauts from space. Not long ago, the 
crews of the space shuttle Columbia lost contact 
with the ground for several minutes during reentry 
because of the reflective properties of ionized gases 
created by the tremendous heat of reentry. 

A few Amateurs have taken advantage of these 
ionized trails to communicate beyond the VHF hori¬ 
zon, using various modes of transmission. Until now, 
however, communications using the reflective and 
refractive qualities of meteor trails have been re¬ 
stricted to periods of stream or shower meteors, be¬ 
cause only these periods provide a level of ionization 
high enough to support two-way communication us¬ 
ing Morse code or voice modes. 

Once again the Amateur community stands on a 
technological frontier, for with the aid of today's 
microprocessor systems, some of the more than 100 
million meteor trails that occur daily can be used 


I even though their peak reflective trail lasts only 
several milliseconds. 

Perhaps the most appealing aspect of the meteor- 
burst concept is the use of bands "closed" to normal 
communication because of poor conditions. Sporad¬ 
ic meteors occur 24 hours a day, 365 days a year. 
This means you need not store that 6-meter rig in the 
closet during minimal sunspot activity; you can go 
right on using it to communicate in a new way using 
new transmission techniques. 

shower and sporadic meteors 

Ionized paths created by the passage of sporadic 
and shower meteors allow two-way radio commun¬ 
ication by returning a portion of the signal to the 
earth much the same as the ionosphere does at fre¬ 
quencies below 30 MHz. Current Amateur meteor- 
scatter operations take place mainly during large 
meteor showers. These predictable showers are 
composed of meteors large enough to cause trails 
lasting several minutes; the trails are long enough to 
allow operating techniques to take place at humanly 
controllable speeds. 

Meteor showers or stream meteors occur at pre¬ 
dictable times during the year (see table 1 and fig. 1), 
with peak activity during June, July, August, and 
December. Communication using the shower mete¬ 
ors is a VHF speciality in the same class as using 
sporadic E, tropospheric scatter, and ducting condi¬ 
tions. (In contrast, the sporadic meteor-scatter user 
need not be concerned with meteor-shower sched¬ 
ules or optimum direction calculations.) 

Because they appear to radiate from certain points 

By Lloyd Vancil, AI7J, 520 Del Sur Way, Ox¬ 
nard, California 93030 
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in the sky, meteor showers are usually named for a daily. The usable trails occur at an altitude of 50 to 75 

constellation visible nearby: for example, the miles (80 to 120 km) and must last more than a few 

Geminids appear to come to Earth from the con- hundred milliseconds (table 2) in order to be usable, 

stellation Gemini. As the constellation moves across Sporadic meteors are the small meteors charac- 

the sky, communication is established and main- terized by the “ping” noise heard by VHF DXers — 

tained by keeping the antenna trained on Gemini as hence the name, “ping jockey.” Sporadic meteors 

the Earth rotates. are the ones used to communicate over distances up 

Unlike shower-borne stream meteors, sporadic to about 1000 miles (1600 km) by relatively new data 
meteors bombard the earth's atmosphere constantly. acquisition systems. 1 

An average of 100 million meteors large enough to Although sporadic meteors appear continuously, 

leave an ionized trail enter the earth's atmosphere their most intense activity is between 0400 and 0800 


table 1. Meteor shower data for 40 degrees north latitude. 

Peak days, meteor velocities, and hourly rates are given, in 

that order, under shower name. 




shower and date 




(peak date) 

optimum 

antenna 


(velocity) 

time/path 

offset 


(rate) 

(local standard) 

direction 

notes 

January 1-4 

0220-0740/NW-SE 

SW 

intense, but lasts 

QUADRANTIDS 

0740-0900/E-W 

S 

only several hours 

Jan. 3, 42km/s 

0900-1430/NE-SW 

SE 


50/hr 




May 1-6 

0410-0630/NE-SW 

NW 


ETA AQUARIDS 

0630-0830 /E-W 

N 


May 4, 64km/s 

0830-1050/NW-SE 

NE 


15/hr 




June 1-15 

0515-0745/N-S 

W 

intense daylight 

ARIETIDS 

0745-0920/NE-SW 

NW 

shower, but mostly 

June 7-8, 39km/s 

0920-1015/E-W 

N 

small particles 

60/hr 

1015-1155/NW-SE 

NE 



1155-1425/N-S 

E 


July 26-31 

0100 /NE-SW 

NW 


DELTA AQUARIDS 

0100-0330/E-W 

N 


July 29-30, 43km/s 

0330 /NW-SE 

NE 


20/hr 




August 10-14 

2330-0430/NW-SE 

SW 

reliable; many 

PERSEIDS 

0430-0730/E-W 

S 

large particles 

Aug. 12-13, 61km 

0730-1230/NE-SW 

SE 


50 /hr 




October 18-23 

0015-0145/N-S 

W 


ORIONIDS 

0145-0350/NE-SW 

NW 


Oct. 21-22, 67km/s 

0350-0500/E-W 

N 


20/hr 

0500-0710/NW-SE 

NE 



0710-0840/N-S 

E 


November 14-18 

0200-0430/N-S 

W 

Periodic, spectacular 

LEONIDS 

0430-0600/NE-SW 

NW 

every 33 yrs; poor in 

Nov. 16 17, 72km/s 

0600-0700/E-W 

N 

between. Next peak in 

10/hr 

0700-0840/NW-SE 

NE 

1999. 


0840-1100/N-S 

E 


December 10-14 

2115-0100/N-S 

W 

reliable, many large 

GEMINIDS 

0100-0200/NE-SW 

NW 

particles 

Dec. 12-13, 35km/s 

0200-0230/E-W 

N 


60/hr 

0230-0330/NW-SE 

NE 



0330-0715/N-S 

E 


December 21-23 

2200-1600/E-W 

S 


URSIDS 




Dec. 22, 35km/s 




13/hr 

i_ 





I 

E 
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hours, local lime, because this is the time when the 
local sector turns toward the direction of the Earth's 
travel through space. This is a solar system event, in 
that the occurrence is approximately the same at 
local time at any point on the Earth — just as 
daybreak or moon rise. 

The peak in daily variation in sporadic meteor ac¬ 
tivity occurs when a sector of the Earth's surface 
becomes the "leading edge" of the planet's progress 
through space, effectively "leading" the sweep of 
the planet through space. 



fig 1 Normalized meteor activity by month 


From late afternoon through early evening, the 
"leading-edge" portion of Earth's surface changes to 
the "trailing edge;" only those meteors traveling fast 
enough to catch up are caught in Earth's gravitation¬ 
al field. Of these, only some will produce a usable 
trail. The fate afternoon events are much further 
apart and meteors move much more slowly relative 
to the Earth's surface, resulting in greatly increased 
waiting time between usable paths (fig, 2), 

Because the number of usable sporadic trails 
varies on an annual and daily basis, astronomers 
have concluded that sporadic-meteor materials are 
spread fairly evenly throughout the solar system, but 
confined to the plane that intersects the planets, 

history 

Mankind has been aware of meteors — so called 
"shooting stars" — since his first view of the night 
sky. The radio disturbance caused by meteors is a re¬ 
latively recent discovery; Skelletv in 7932, was the 
first to link an increase of noise in a receiver to the 
passage of meteors through the atmosphere, Allen 3 
studied the meteor-scatter propagation of signals 
from an FMi transmitter at Paxton, Massachusetts, in 
1934, In this work, he identified both the shower and 
sporadic types of meteor trails. Virtually all ad¬ 
vances in the field to date are based on his and 
Skellett's works. 

The feasibility of meteor-burst communications 
was first tested by the National Bureau of Standards 


table 2 Order of magnitude estimates of the properties of sporadic meteors. 
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number of this 






mass Or greater 

electron line density 


mass 
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fig. 2. Normalized daily variations in meteor activity. 

(NBS) between Cedar Rapids, Iowa, and Sterling, 
Virginia, a distance of 733 miles (t ISO km). 4 A system 
built by NBS and operated from 1950 to 1952 showed 
the feasibility of long-range meteor-scatter commu¬ 
nication in the 30- to 100 MHz band. Through experi¬ 
ence with this system, NBS defined certain opera¬ 
tional characteristics of meteor scatter* 

Stanford Research Institute (SHIP built the first 
true meteor-scatter communication system in 1956-57 
between Bozeman, Montana, and Palo Alto, Califor¬ 
nia. The SRI system used a two-frequency scheme 
with a burst rate of 454 bits per second (BPS). A pilot 
frequency containing no informat ion was continuous¬ 
ly transmitted* When the receiving station sensed the 
pilot signal, it would order the system to begin 
transfer of data. There were several problems with 
this approach; mechanical delays in the start-up of 
data transmission and low receiver sensitivity con¬ 
siderably limited the data transfer rate. 

In 1956, the Canadian Defense Research Board 6 
began using a system called JANET to conduct ex 
periments over paths of 560 to 745 miles (900 to 
1200 km). JANET showed a wide difference in hourly 
data transfer rates because of daily changes in the 
number of meteors per unit time and other iono¬ 
spheric effects, such as sporadic E and aurora. 
JANET's overall average information rate was 25.5 
BPS. which is equivalent to a speed of 38.25 words 
per minute (WPMb 

The National Bureau of Standards resumed 
meteor communication experiments in 1959, com¬ 
bining JANET technology with some other innova¬ 
tions to attain an overall average data rate of 45 
WPM with an error rate of 0.35 percent . 1 The same 
year, under contract with the United States Air 
Force, Hughes Aircraft Company developed a sys¬ 
tem for air-to-ground communication, introducing 
techniques for improved block transmission and error 
defection and correction. 


In 1965, the North Atlantic Treaty Organization be¬ 
gan operating a system called COMET (Commun¬ 
ication by MExeor Trails) over a 625-mile UGOO-km) 
path using a 200 watt transmitter and a system for 
Automatic Repeat Request IARQL 6 ARQ is a system 
of error detection that allows the receiving station to 



fig. 3 * Approximate data collection coverage of SNOTEL 
system. 



fig. 4. SNOTEL remote site with snow water sensors in fore 
ground. 
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fig, 5, SNOTEL remote site in winter. 


automatically request a repeat of the last information 
received* COMET achieves a worstease data rate of 
14 WPM and an average of 140 WPM, 

largest meteor-scatter link 

The Soil Conservation Service of the U.S. Depart¬ 
ment of Agriculture operates the world's largest 
meteor-scatter communications data collection 
system (fig, 31 installed over a period of four years 
(1976 1980), it is a hydrometeorological data collec¬ 
tion system called SNOTEL {S/VOw TELe merry) 
located in the western United States. 

Located in isolated mountain areas, the nearly 500 
SNOTEL installations (figs* 4 and 5) collect and 
transmit detailed data on weather and snow condi¬ 
tions, updating information every 15 minutes* The 
data is used! by the Soil Conservation Service for a 
number of purposes, including forecasting the 
amount of water available for irrigation, municipal 
water supplies, and power generation the following 
spring and summer* 

SNOTEL is controlled by a computer in Portland, 
Oregon; the two master stations in Ogden and Boise 
(fig. 6} can request, receive, and acknowledge data 
from any of the remote sues, using phase shift keyed 
transmitters with Henry "4K ULTRA" finals and four 
phase locked loop-based receivers. Each of the four 
antennas at the master station Is a five-element Vagi 
directed at a different quadrant of the sky and tipped 
up 30 degrees to optimize perfomance (fig. 7). Cur¬ 
rently, the system collects data from a high percent' 
age (typically 90 to 95 percent) of the more than 1015 
active channels in the system during a 2-hour nomin¬ 
al polling period each day - a collection of 7000 
characters or the equivalent of 1400 five-let ter words 
per hour, and in maximum message lengths of 256 to 
512 bits of sensor data. 


possible Amateur applications 

Current microprocessor technology opens up the 
field of meteor burst for the Amateur Radio com¬ 
munity, An Amateur meteor-scatter system can be 
constructed using a microprocessor to control the 
receive and transmit activity Literally anything that 
can be digitized — pictures, RTTY data - can be 
transmitted via meteor burst. 

The key to an Amateur meteor-burst communica¬ 
tion system is a standardized format, bit rate, and an 
"acknowledge" or ARQ system. Several versions of 
ARQ system introduced by current meteor-scat ter 
technology are adaptable to Amateur Radio use. 
Microprocessor technology offers several schemes 
for developing ARC systems for error detection and 
transmission requests. 



fig. 6, Interior of master station at Boise, Idaho. 



fig. 7, SNOTEL master station located at Boise, Idaho, and 
one of its four antennas 


74 Q3 February 1984 




















A workable format, detailed in fig, 8, consists of 
16-bit sync train (two 8-bit bytes), 72 words of data 
(characters), one byte of parity information, and one 
group number byte* (This is similar to the SNOTEL 
data stream and is convenient for computer use be¬ 
cause of the 72 characters per lined Inclusion of the 
group number allows the receiving end of the com¬ 
munications link to request repeat of a single burst or 
group of bursts* Basically this is a simple extension of 
the computer-monitored RTTV station that grew out 
of the Auto-Siart-Auto-Answer RTTY station* 


n 


wmicmi 

fig* B. Possible burst format* 



conclusion 

Almost unlimited opportunity for discovery exists 
in the field of meteor burst communications. Areas 
open to Amateur experimentation include antenna 
design and direction control, error detection and cor¬ 
rection techniques, and frequency dependence. 
Amateurs could take an active role in the improve¬ 
ment of remote control and RTTY systems and in per¬ 
fecting techniques of data collection and monitoring. 

With their access to technology appropriate for 
use in exploration of the field. Amateur Radio 
operators enjoy a unique opportunity for innovation 
and exploration in this expanding field. 
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RESONATOR FRONT ENDS. SEE R144, R220, 

AND R451 SPECS IN RECEIVER AD BELOW. 
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FORECASTER 

Garth stonehocker, KORYW 


last-minute forecast 

Excellent DX conditions on the 
higher frequency bands (10-30 
meters) are expected during the first 
and second weeks of the month due 
to a probable increased solar flux. A 
recurrent disturbed period is also pos¬ 
sible around February 4, which should 
result in better transequatorial open¬ 
ings. Check with WWV's geophysical 
announcement at 18 minutes after 
each hour for confirmation of the 
high solar flux and geomagnetic A 
values. 

Other periods of disturbance may 
be on the 14th and from the 22nd 
through the 28th. The lower bands 
should be very good all month and 
excellent during low solar flux periods 
in the third week of the month. Look 
for DX openings to unusual east-west 
locations during the disturbed days. 

IMo significant meteor showers oc¬ 
cur during February. The full moon 
and lunar perigee are on the 17th. 

low band DX 

Since publication of the nighttime 
bands in the propagation chart was 
begun, have you noticed how high 
those bands are, even at their diurnal 
minimum? DX stands for long dis¬ 
tance contacts; even the shortest DX 
path, Europe, is 3800 miles (6200 km) 
from the East Coast. South America, 
Japan, and the Far East are approxi¬ 
mately 6200 miles (10,000 km), while 
Antarctica and Australia are 9000 
miles (14,600 km) and 9900 miles 
(16,000 km), respectively. The high¬ 
est usable bands are related to the 
maximum usable frequencies (MUF) 
for that path. The longer DX paths 


are to the south across the equator 
where minimum MUFs are around 
14-15 MHz now and will decrease by 
3 MHz when the sunspot number 
drops to 16 (or the radio flux to 75 
units). The other DX paths are in mid 
to high latitudes where MUFs are 
lower and paths are shorter, giving 
minimum MUFs of only 8-9 MHz. 
These will decrease by 2 MHz at the 
sunspot cycle minimum. 

These numbers a re based on month¬ 
ly median (January) data. The daily 
solar flux factors from last month's 
DX forecaster can be used to forecast 
several days ahead. The minimum 
MUF is inversely related to the daily 
flux, decreasing with an increasing 
change in radio flux. Geomagnetic 
disturbances will also affect these 
minimum MUFs by 5 to 10 percent — 
the high latitude paths negatively and 
transequatorial paths positively. 

Interestingly, even at sunspot mini¬ 
mum, 40 meters will be open to 
Europe, Japan, and the Far East and 
30 meters on transequatorial paths. If 
you work 80 meters and 160 meters, 
they will be 50 percent and 75 percent 
below the MUF even on the short- 
northern paths. This doesn't mean 
they won't work; we know they do. 

band-by-band summary 

Ten and fifteen meters will be open 
for worldwide DX communication 
from sunrise until after sunset during 
the twenty-seven day solar flux maxi- 
mums. Skip of 2500 miles (4000 km) 
(or multiples) is possible, and will fol¬ 
low the sun across the earth. 

Twenty meters will be open to some 
area of the world for the entire 
twenty-four hour period on many days 


of the month. The band should peak 
in all directions just after local sun¬ 
rise, and again toward the east and 
south during late evening hours. Dur¬ 
ing hours of darkness the band will 
peak toward the west in an arc from 
southwest through northwest, en¬ 
compassing Pacific areas. 

Thirty meters is a daytime and night¬ 
time band. The day portion should be 
like 20 meters except in that signal 
strengths may decrease during mid¬ 
day on days having high solar flux 
values. This band will also be useful 
well into the night and often through 
the night. Once again exceptions to 
this are on nights that follow very 
high solar flux value days. The prob¬ 
lem time is usually the hour or so be¬ 
fore dawn (diurnal MUF minimum). 
The workable distance may be ex¬ 
pected to be greater than 80 DX at 
night and less than 20 during the day. 

Forty and eighty meters will be the 
most usable nighttime DX bands. 
Most areas of the world will be work¬ 
able from dusk until sunrise. Hops 
shorten on these bands to about 2000 
miles for 40 meters and 1500 miles for 
80 meters, but the number of hops 
can increase because signal absorp¬ 
tion in the ionosphere's D-region is 
low during the night. The path fol¬ 
lows the direction of darkness across 
the earth, similar to the way in which 
the higher bands follow the sun. 

One-sixty meters will be similar to 80 
meters, providing good working con¬ 
ditions for enthusiastic DXers who 
like to work nighttime and early 
morning hours, especially at local 
dawn. 

ham radio 
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The italicized numbers signify the bands to try during the transition and early morning hours, while the standard type provides the MUF during normal hours. 
'Look at next higher band for possible openings 
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And you can see it—in color—again and again 
when you own the N2NY Ham MasterTapes. 


Ever see a cap discharge in slow motion? You will on The N2NY I- 

Ham MasterTapes. Ham MasterTapes can perform the grasp of concep 
dozens of complicated demonstrations necessary for a only for passing 
beginner's understanding of Ham Radio Theory. electronics. 

Finally, a step-by-step course in Ham Radio Theory The hobby I 

is available on color videotape. The Larry Horne N2NY tech teaching a 
Ham MasterTapes video course is a unique, effective ful world of Harr 

teaching technique expertly produced by New York's These six-h 

leading professionals in studio and field videotape. i eria i needed to 

□ Video Graphics highlight important details. Theory and ope 

! J Carefully worked-out demonstrations on video avoid t' on ^CC syllabi 
the problem of getting complex gadgets to work on On/y $199.9 

command in front of a class format Ca//or i\ 

□ Working examples of every ham 

radio component, device, or system I nCffll Mast©rTcrp©S 
covered in the FCC guide can be I 

clearly understood. Vlil3*£ikiAiUMliblSUBBStSOilalSSUUiS12&IUM 


The N2NY Ham MasterTapes give you a basic 
grasp of concepts that build theory background—not 
only for passing the FCC tests, but for understanding 
electronics. 

The hobby has long needed better, clearer, high- 
tech teaching aids to help newcomers into our wonder¬ 
ful world of Ham Radio. 

These six-hour tapes cover completely all the ma¬ 
terial needed to understand Novice and Tech/General 
Theory and operations, and include the new 200-ques- 
tion FCC syllabus used beginning September 1983 

Only $199 95 Order direct and specify Beta or VHS 
format Call or write Larry Horne. N2NY 


Ham MasterTapes 

136 East 31st Street 

New York. N Y 10016 212-673-0680. 
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Our finest elect ret transducer suspended in a 
housing acooushcally engineered for optimum 
voice communications, improved audio from 
any voice—more punch and great to hear. 
Selectable HVLo Z. Universal! Battery powered 
FET Preamp delivers “'Heavy Duty" Output- 
will fully modulate any rig. Immune to RFl, 


10GA 


• Complete ready to use 10 GHz fmvofcm&^msceiver * 10 mW power out¬ 
put • Typical frequency coverage 10,235-10,295 GHz • Full duplex operation 

• toter/ta/ Gunnpiexer for portable opera tion • Gunnpiexer removable for tower 
mounting in fixed location service — three shielded cables required for intercom 
nection * Powered by 13 volts dc nominal at 250 mA • 30 MHz i-f • 10-turn 
potentiometer controlled VCO tuning • 220 kHz ceramic Ft titter • Extra diode 
switched filter position for optional fitter • Dual polarity afc # Rugged two-tone 
grey enclosure % Full one year warranty • $389.95 with W mw Gunnpiexer 

• $269.95 without Gunnpiexer 

Advanced 
Receiver 
Research 

Box 1242 * Burlington CT 06013 • 203 582-9409 


Postpaid tor U.S. Canada. CT Ht 

add 7- Vi % ■ tat. CO.D. ordafs add $2.00. 

Air mail lo fonvJgrn countrlaa add 10% 


• The ultimate in 
comfort 

■ Noise Cancelling 
mie. great VOX action 
using built'in earphone 
or station loudspeaker 

• uso head band sup¬ 
plied or dip lo 
eyeglass bow 


• Built to last 

• Super soft e arc up 
and head cushions. 

• Noise cancelling 
mk: superb VOX 
action 

• Isolates you from 
surrounding noise and 
vice versa. 

• Swing the boom up 
and you have a great 
pair of earphones for 


Have a name—but 
need the Call Sign? 

Traveling—and want 
to meet local Hams? 

NOW AVAILABLE- 

1983 1984 Amateur Radio 


LASER DEVICES 

* LC5 BURNING CUT TING CO? LASE R $15 00 

* RUB3 RUBY LASE R RAY PISTOL 15 00 

* LRG3IR LASER RIFLE/PISTOL 10 00 

* l GU3 VISIBLE RfD LASER RIFLE 10 00 

- LHP/LLO LASER LIGHT XMfR/'RCVR SYS 10 00 

* LHC? RFGINNFR simulated VISIBLE LASER 5 00 

SCIENTIFIC A ELECT 

* TCL 3 SOLID STAFF TESLA COIL 35KV 6 00 

* BTC3 25C THOUSAND VOLT TESLA COH 9 00 

* BTC5 1 5 MILLION VOLT TESLA COIL 15 00 

* HVM3 125 THOUSAND VOL T DC SUPPLY fl 00 

* I0G3 ION RAY FORCE FIELD GUN S 00 

* HEG1 Ml L L ION WA TT 500 JOU L E SOURCE 10 00 

ULTRASONIC ACOUSTICAL 

* PPF1 PHASORPA1MF1ELDGENERATOR 1500 

* P5F3 PHASOR SHOCK WAVE PISTOL 7 00 

- JPGS POCKET PAIN FIELD GENERATOR 7 00 

* RAT? RAT AND PEST ELIMINATOR 6 00 

* HT9 HIGH FREQ LISTENING DEVICE 8 00 

SECURITY 4 PROTECTION 

- DEVI DEVASTATING DEVICES 10 DO 

* PPG1 PHASOR PROPERTY GUARD 15 00 

- MFT1 MINI VOICE XMTR 2 3 MILE 7 00 

* INF 1 INFINITY TRANSMITTER 15 00 

* P$W3 PHASOR BURNING STUN WAND S 00 

* PG1 PARALYZING WAND 1000 

WE STOCK ALL PARTS MECESSARV FOR 
CONSTRUCTION OF THE ABOVE projects 

* CATALOG I AININli HUNDREDS MOnfntAU NEW AM A? 
INC and FASCINATING PLANS f AST 1(1 BUILD KITS AND 
ASSEMBLED ITEMS SI UO GA T At (XS INCLUDED ERIE WlTHAJJ'f 
OF THE ABOVE PROJECT PI ANS SEND CASH CHECK M0 VISA. 
MC 10 

INFORMATION UNLIMITED 

P.0. BOX 716. DEPT HR AMHERST, HH 03031 
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By Name and Call 
1983 1984 A mate u r R a dio 


* First notable ad' 
vance since the 
dynamic transducer A 
new standard of greaf 
sound. 

■ Die cast melal—you 
won't tip (his one ever 

* No " Handling" 
noise. 

■ Switching for VOX 
operation or Manual 
PTT with lock-on 

■ Shielded hi-hex 

cord 


■ Special Pro-Com 
350 with connectors lo 
plug mio ICOM Ham 
Hand Helds. 

■ Uses DC from 

transceiver 

■ PTT switch with belt 

clip. 


No frills directories of over 435,000 
U.S, Radio Amateurs. SVaxtl* easy to 
read format. Companion directories 
to the 1983-1984 

AMATEUR RADIO 


US Listing 


FS-1 Foot Switch 

HS-1 Hand Switch In line pu$h-io-falk switch 


• NAME INDEX—$25.00 

■ GEOGRAPHICAL INDEX-S2500 

* CALL DIRECTORY—$14.95 

Add S3 00 shipping to ail orders 

DealeUClub inquiries welcome. 

Send yen* order-enclosing check uf mon^ order m 
US dollar*. 10 

Buck master Publishing 
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TELEX COMMUNICATIONS INC 

3600 Mmch Ant Sci. MmmrtpOlii, MN SS420 USA 
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Tell 'em you saw it in HAM RADIO! 
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J PCAZDEN 

4000 SERIES 

FM TRANSCEIVERS 


10 METERS & DOWN 





COMMERCIAL-GRADE 
QUALITY AT AMATEUR PRICES 




EXCLUSIVE 1 YEAR UMITED WARRANTY! COMPARE! 


no mailer whal the offset 

ILLUMINATED KEYBOARD WITH ACQUISITION 
TONE: Unparalleled ease of operation 

BRIGHTGREEN LED FREQUENCY DISPLAY: 

Easily visible, even in direct sunlight 

DIGITAL S RF METER: Shows incoming signal 
strength and relative power output, 

BUSY-CHANNEL AND TRANSMIT INDICATORS: 

Bright LEDs show when a channel is busy and 
when you are transmitting. 

FULL 16-KEY TOUCHTONE PAD: Keyboard 
functions as auto patch when transmitting (except 
in PCS 4800) 

PL TONE: Opt ronat PL tone unit allows access !o 
pnvate-line repeaters Deviation and tone frequency 
are fully adjustable. 

TRUE FM: Not phase modulation Unsurpassed 
intelligibility and audio fidelity. 

HIGH LOW POWER OUTPUT: 25 or 5 watts 
selectable in PCS-4000; 10 or 1 watt selectable in 
PCS-42Q0, PCS 4300. PCS-4500, and PCS-4800 
Transmitter powerts fully adjustabie. 

SUPERIOR RECEIVER: Sensitivity is 0 2 uVor 
better for20-dB quieting Circuits are designed and 
manufactured to rigorous specifications for excep¬ 
tional performance, second to none. COMPARE! 

REMOTE-CONTROL MICROPHONE: Memory 
A-1 call, up down manual scan, and memory 
address functions may be performed without 
touching the front panel! COMPARE! 

OTHER FEATURES: Dynamic microphone, rugged 
built-in speaker, mobile mounting bracket, remote 
speaker jack, and all cords, plugs, fuses, and 
hardware are included 

ACCESSORIES: CS 7R 7-amp ac power supply, 
CS-4 5R 4 5-amp ac power supply, CS-AS remote 
speaker, and Communications Specialists SS-32 
PL tone module 

ONE YEAR UMITED WARRANTY! 


WIDE FREQUENCY COVERAGE: PCS-4000 
covers 142.000-149.995 MHz in selectable steps 
of 5 or 10 kHz, PCS-4200 covers 220 000-224.995 
MHz fn selectable steps of 5 Of 20 kHz PCS-4300 
covers 440.000-449 995 MHz m selectable steps 
Of 5 or 25 kHz PCS-4500 covers 50.000-53.995 
MHz in selectable steps of 5 or 10 kHz. PCS-4800 
covers 28.000-29.990 MHz in selectable steps of 
10 or 20 kHz, 

CAP MARS BUILT IN; PCS-4000 includes cover¬ 
age of CAP and MARS frequencies 

T1NY$IZE:Gnly2 H > 5 5"W 6.8'D.COMPARE! 

MICROCOMPUTER CONTROL: At the forefront 
of technology! 

UP TO 8 NONSTANDARD SPLITS: Ultimate ver¬ 
satility. COMPARE! 

16-CHANNEL MEMORY IN TWO 8-CHANNEL 
BANKS: Retains frequency and standard simplex 
or plus minus offsets. Standard offsets are 600 kHz 
for PCS-4000, 1 6 MHZ tor PCS-4200. 5 MHz for 
PCS-4300,1 MHz for PCS-4500. and 100 KHz for 
PCS-4800. 

DUAL MEMORY SCAN: Scan memory banks 
either separately or together COMPARE p 

TWO RANGES OF PROGRAMMABLE BAND 
SCANNING: Limits are quickly reset. Scan the two 
segments either separately or togelher. COMPARE 1 

FREE AND VACANT SCAN MODES: Free scan¬ 
ning stops 5 seconds on a busy channel: auto- 
resume can be overridden il desired Vacant 
scanning stops on unoccupied frequencies 

DISCRIMINATOR SCAN CENTERING <A2DEN 
E XC LUSIVE PATENT): Always stops on frequency 

TWO PRIORITY MEMORIES: Either may be 
instantly recalled at any time COMPARE 1 

NICAD MEMORY BACKUP: Never lose the pro¬ 
grammed channels! 

FREQUENCY REVERSE: The touch of a single 
button inverts the transmit and receive frequencies. 


PCS-4300 70-cm FM Transceiver 


PCS-4500 6-m FM Transceiver 


PCS-480010-m FM Transceiver 


WINTER SALE 


PCS-300 
2m Handheld 
FM Transceiver 
142-149.995 MHz 


E XCLUSIVE DISTRIBUTOR DEALER INQUIRIES INVIT ED 

AMATEUR-WHOLESALE ELECTRONICS TOLL FREE...800-327-3102 

8817 SW I291h Terrace Miami. Florida 33176 Telephone 1 305 1 233-3631 Telex 80-3356 

MANUFACTURER 




JPC AZDEN 


JAPAN PIEZO CO., LTD. 

i i2-i7Kamiren|aku Miiaka Tokyo. 181 Japan 


Telex 781 2822452 
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Mirage Communications 
Introduces Their 
6 Meter 

Solid-State Amplifier 

A1015 



10 Watts In — 150 Watts Out 

$ 279.95 


• Built-In Rx Preamp 

• All Mode-SSB, CW, FM 

• Remote Keying 

• DC Power 13.6 VDC at 18 Amps 


• FCC Type Accepted 

• 5 Year Limited Warranty 

• Optional RC-1 Remote Control Available 

• Made in the U.SA 


Available at Mirage Dealers Worldwide 
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COMMUNICATIONS EQUIPMENT.INC 


IV). Bos 1393, Gilrov, ( A yS02l> • 1408) 847-1857 






Digital Readout, Scanning, 10 memories and much 

more . . . Slate-oMhe-art handheld radio Direct entry microproc¬ 
essor controls this lolly featured radio Besides scanning and 10 mem 
ones, the IC-02A/T stores duplex offsets in memory, mil work on odd off 
sets, has 32 keyboard selectable PL tones which are stored in memory 
Lithium battery backup for memory Ruggedly buslt with aluminum back 
lor heat sinking when run at 5 wall level LED readout with lamp, fre¬ 
quency and battery lock and a variety of options make the 10 02A/T a 
super radio to own 

Call loday lor pricing information — 

Bam Shack wants to be your ICOM dealer 

-The- 

HAW SHACK 

BOB N. Main Street m Evansville, IN 47711 


(812) 422-0231 
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The Travelle* Dipole Antenna 

Is a highly portable continuously 
adjustable halt wave antenna de¬ 
signed for The use on any he 
quency between 3 0 to 30 MH* 
Very easy adjustment No cod, no 
Traps It consists ot a (wo reel (one 
at each and} two housing as 
sembly. boih built of aviation 
grade aluminum Each reel con 
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tains 12 fer?T i27 nits I copper wire 
Light. sItq ng, depanda ble antl very 
simple Inc. I odes 2 nylon ropes 10 
Tie it) any masl (tree, fence, etc I 
■ The center insula I Of is a n im¬ 
pedance ratio b&iun with 50239 
connector Power handling capa 
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July 28 thru Aug. 10,1984 


(ktr 25 th year 

TAKE A VACATION WITH 
A PURPOSE THIS YEAR 

Join students from around the world ai 
OAK HIM.'s 
S1I VKB ANNIVERSARY 

Session 

Over 25 years ol successful teaching experience 
means upgrading is as easy as 1-23. 

Your vacation is spem in the beautiful Blue 
Ridge Mountains of Virginia with expert in¬ 
structors in friendly surroundings and u uh ex¬ 
cel I c n i ace om mod at ion s, 

Oak 1 fill also has a ham lab set upfot all to use. 

Courses offered are: 

Novice to Genera! 

General or Tech to Advanced 
Advanced to Extra 

Leant — dot j *t just memorize the answers to 
the exam questions, 

~~C L PeVeRs’kad^J Director 
Oak HMI Academy Amateur Radio Session 
Boji 4-3 

Mouth ol Wilson VA 24363 
Name _ Call_ 

Address _._. 
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EMI/RFI shielding: 
new techniques 

part 2 


Techniques and materials 

that reduce EMI 


Part 1 of this two-part article served as a basic 
overview by identifying the problem of EMI/RFI, 
citing examples of ns adverse effects, and providing 
a general discussion of EMI shielding effectiveness 
(SEE In one form or another, each of these various 
schemes involved plastics This more detailed, more 
technical article examines methods of testing SE that 
employ RE techniques familiar to most hams. 



fig. 1, The generation of aluminum flakes. 


I Before examining SE and its testing, let's first ex¬ 
amine the process of fabricating plastics in a manner 
that renders them effective for EMI shielding and 
containment, yet is economical enough to allow plas¬ 
tic enclosures to be used instead of metal ones. 

EMI and plastics 

The FCC tries to stringently enforce EMI emission 
standards that apply to electronic equipment. The 
pressures of foreign competition, however, demand 
that American manufacturers develop innovative 
cost-cut ting manufacturing techniques such as using 
EMI-proof plastic enclosures instead of metal en¬ 
closures. But there are other ways than the use of 
enclosures to obtain or shield electronic devices from 
EMI/RFI; we can use metallic tape with adhesive 
backs (the adhesive is a plastic), neoprene and elas¬ 
tomer gaskets (both plastics), or sprays and paints in 
conjunction with plastics. In fact, plastics are so 
common that we sometimes overlook them, and often 
fail to fully appreciate or understand their versatility. 

In order to better understand how plastics are used 
in potting and casting, in PC board conformal coat¬ 
ing, in insulation, high frequency connectors and a 
myriad of other applications, let's begin by looking at 
materials used for shielding. 

materials for shielding 

Most EMI shielding processes in use today have 
disadvantages; precious metal powders are expen¬ 
sive; conductive carbon comes in but one color — 
black — zinc metallic sprays can lose adhesion, with 
small metal flakes falling onto PC boards and short¬ 
ing out components; and paints are subject to abra¬ 
sion and subsequent delammation when put through 
temperature extremes. What is the solution to the 
problem? The answer may be a new technique of 
utilizing structured fillers. 

By Vaughn D, Martin, 114 Lost Meadows, 
Cibolo, Texas 78108 
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Graphite fillers. With higher conductivity and bet¬ 
ter reinforcement characteristics than carbon blacks, 
graphite fillers look promising. Radar chaff, for ex¬ 
ample, originally developed to resonate at radar fre¬ 
quencies and to produce ''phantom" targets for anti¬ 
aircraft batteries, has been successfully introduced 
into these types of composite plastics. 

Impregnation of aluminum flakes into plastic is a 
relatively new process. A spinning wheel throws off 
flakes of molten aluminum alloy (see fig. 1); these 
flakes, with a tightly controlled aspect ratio (length- 
to-thickness ratio), are then deposited into a resin 
which causes them to become oriented in the direc¬ 
tion of the flow of the resin. You have no doubt seen 
fingerlings or small minnows in schools orient them¬ 
selves upstream in line with the flow of water; these 
flakes do the same in the resin. This is important be¬ 
cause molding or extrusion processes require this. If 
all flakes are not oriented in the same direction, they 
experience lateral force and breakage occurs, with a 
subsequent reduction in their shielding effectiveness. 

Typically, aluminum-impregnated plastics contain 
18 to 22 percent flakes by volume because electrical 




i B rn ' cm 

fig. 3. Graph of averaged surface and volume resistivity. 


conductivity depends not on the weight ratio of the 
flakes with their resin "holder," but on the volume 
ratio of flakes to resin. This means that a low-density 
polymer like polypropylene would need 46 percent 
weight, while a high-density polymer like PVC would 
require only 37 percent flakes to achieve the same 22 
percent volume ratio. 

the acid test 

To date, most testing techniques have been con¬ 
trived to test conductors or pieces of pure conduc¬ 
tive materials. But now, the purely resistive proper¬ 
ties of a substance like straight wire no longer exist; 
the combining of metals with plastics has caused 
networks to result with both inductive and capacitive 
reactances. 

In fig. 2, note that if probes were to pass through 
the insert on the left at precisely the right spot, they 
could miss the conductive particles, completely giv¬ 
ing a totally insulative test result. But insertion as a 
layer in the material to the right with its insulating 
matrix (checkerboard) results in a more meaningful 
measurement. (Two test methods of determining 
surface and volume resistivity can be averaged to 
determine shielding effectiveness form 0.1 to 1000 
MHz by the graph in fig. 3). 

To evaluate how well material acts as a shield, let's 
first recognize that a pure conductive metal performs 
its shielding effectiveness by an almost 100 percent 
reflection of radiation, whereas a conductive-com¬ 
posite product reflects about 80 percent of radiation 
and absorbs 20 percent. Mathematically, the shield¬ 
ing effectiveness, expressed in dB, (SE) + R +A or 
the sum of the energy Absorbed and /?adiated. In ac¬ 
tual practice, there is another term, B, added to A 
and R, but this term describing internal multiple re¬ 
flections is usually ignored for materials with greater 
than 10 dB of SE. This would include just about all 
materials that are even remotely considered to be 
shielding elements. 

test and measurement systems 

There are essentially three methods of measure¬ 
ment: the free-space method, which is impractical at 
lower frequencies; the shielded box method; and the 
transmission line technique. The shielded box tech¬ 
nique, shown in fig. 4, is the most popular. This rec¬ 
tangular metal box, made with thick walls and electri¬ 
cally tight seams in the walls, has a transmitting 
antenna inside it and a sample port (opening) in one 
wall for radiation emitted through the port. If the 
specimen to be tested is placed over the port or hole, 
and the radiated power P 2 measured against the 

open power level P lt SE can be determined by: 

Pj 

SE = 10 log ~p- (in dB) 
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fig, 4. Pictorial illustration of a shielded lest chamber. 



fig. 5, Graph of the dynamic range possible with the 
coaxial line test technique. 


■-T!— 


This method of testing has some problems. If there is 
an edge in the chamber that approaches the wave¬ 
length of radiation, resonance can occur with ensu¬ 
ing standing waves between the antennas inside and 
the chamber's walls. Also, at lower frequencies, the 
dynamic-range is limited to approximately 50 dB be¬ 
cause of the energy that can pass through the small 
sample port at those wavelengths. It is likely that 
no two boxes would report the same results for a 
given sample. 

The coaxial transmission line technique has no in¬ 
herent problems associated with it because this 
method is not frequency-sensitive. (Note that there 
are no seams in this canister-shaped specimen 
holder.) Dynamic range, I fig. 5), is a function of the 
generator and the sensitivity of the receiver. Unlike 
the shielded box, which suffered from the 
wavelength-to-specimen size ratio changing the 
chamber's own inherent impedance, this problem 
does not exist with the transmission line technique. 

This method (the TEM or transverse electromag¬ 
netic cell) yields reflected, transmitted and absorbed 
data by reflection coefficient measurements, which 
allows the designer of the system to optimize reflec¬ 


tion, This is ideal for waveguides or parabolic anten¬ 
nas in which the wave is to be redirected. 

The main advantage of this measurement tech¬ 
nique is the uniformity of repeated test results. The 
TEM, (fig. 6), allows absolute verification to be 
made that the reflection and transmission ratios in a 
50-ohm line are the same as those theoretically ob¬ 
tained in free space on a panel infinite in extent in the 
plane perpendicular to the incident energy. The di¬ 
mensions of a 50-ohm line are such that the ratio of 
the impedance presented by a test specimen trans¬ 
verse to the direction of propagation, to that pre¬ 
sented to the free space wave by the same material, 
is 0.13. This is the exact raiio of 50/37? (the two 
characteristic impedances). 

Electromagnetic fields near an oscillating dipole 
antenna have a wave impedance as a function of 
1 / d, where d is the distance between the source and 
receiver. This is true when the distance to the dipole 
antenna is very small in comparison to the wave- 


1 



fig 6, A block diagram of the coaxial line test technique 
(TEM Cell), 



fig 7. The TEM {Transverse Electromagnetic Cell) test method 
in operation 
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When you purchase your tower from Tri-Ex, you 
can be assured that all welds have been done by 
certified welders, all construction and galvanizing 
has met AST Mi standards, all towers have been 
constructed in precision jigs, all steel has been 
tested for carbon content and tensil strength. 


AMATEUR RAIMG 


NEW' S 12^5 pair 

HAMTAGS Tough ABS custom 
frames. Your call on each vehicle 
Available wuh call at top or bottom of 
frame, and frame front plate (check 
your state). $1.60shipping 


BHC, INC. 

1716 WOODLAND 
HOUSTON. TX 77019 
(713)522-5755 >" 
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ANALOG TECHNOLOGY 
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When you decide on Tri-Ex 
you have many models to 
choose from. 

STACKED: 

Light, medium, heavy duty 
10 feet and up. 

CRANK UPS: 

Light, medium, heavy duty 
25 feet to 88 feet standard. 

SPECIAL TOWERS: 

Sky needle, Clementower 
37 feet to 180 feet & higher 


Introducing TriE* H s new DX-86 
— 86 feet tall, 25 square feet in 
a 50 mph wind. 

Call you focal dealer tor details. 
FOR ADDITIONAL ^FORMATION WRITE TO 


TOWER 

CORPORATION 

7182 Rasmussen Ave 
Visalia, Calif 93291 

P.O. Box 5009 

Visalia, California 93278 

(209) 651-2171 


BUY! SELL! TRADE! 

COMPUTER & HAM EQUIPMENT 

Q COMPUTER 
T TRADER 

ANNUAL 

SUBSCRIPTION 

$ 15.00 

Low Att Rates — Mailed Monthly 
Foreign Subscriptions * $30 00 Year 

FREE 50 Won) CliuHwti M wllh Subicription Qr0it 

COMPUTER TRADER* 

Chet Lambert, W4WDR 

i?0d Sam Drive * Birmingham AL 35235 
12051SS4 0271 
Sample Cnpv — Si.00 
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length and precisely why, at lower frequencies, with¬ 
in a shielded box, the impedance changes with fre¬ 
quency. (We will note some data shortly that graph¬ 
ically reveal this fallacy.) Likewise, as the wave im¬ 
pedance and reflection coefficient increase as fre¬ 
quency decreases, a false indication of ah enhanced 
SE results as the frequency decreases. 

The coaxial transmission line technique is an 
insertion-loss measurement technique using a 
substitution method (see fig. 7). The measurements 
can be made at specific frequencies (the point-to- 
point mode) using a modulated signal generator, 
crystal detector, and tuned amplifier (SWR). The 
other method employs sweeping a band of frequen¬ 
cies with a tracking generator and a spectrum 
analyzer used as a receiver. The advantage of this 
point-by-point method is that other information, 
such as reflection coefficient data, can be taken in 
this mode; the sweeping mode has the advantage of 
taking SE data at all points, but without the luxury of 
allowing observation of reflection coefficients. 

In the sweeping mode, the signal generator is re¬ 
placed by a tracking generator and the variable atten¬ 
uator removed, because the attenuator in the ana¬ 
lyzer is used instead. The spectrum analyzer presents 
the response over the whole bandwidth in a single 
curve. However, for determination of SE, two re¬ 
sponses are taken, one with and one without the 
specimen in the holder. The SE is the difference be¬ 
tween these two curves. 

The dynamic range of this measurement technique 
is determined by three things: the power level of the 
signal generator, the sensitivity of the receiver, and 
the degree of shielding of the equipment and the 
connecting transmission lines. For example, if a one- 
watt signal generator with a detector such as an 
HP415 standing-wave meter are used, an 80-dB dy¬ 


namic range can be obtained with standard coaxial 
cables. 

Analysis of test results shows how "flat' 7 the test 
results are from 0.1 to 1,000 MHz, (figs. 8 and 9). 
The difference between measured and predicted re¬ 
sults is due to the uncertainty of measurement of the 
conductivity of the composite plastic, as previously 
discussed. Fig. 8 shows a specimen of 20 percent 
weight piece of Transmet™* series 100 conductivity 
modifiers in a polyester resin. The methods used in 
testing were the shielded box method, using a 6.25 
foot (2 meter) cubic box in a 31 x 15.5 x 10 foot (10 
x 5 x 3 meter) shielded room; the last method was 
the transmission line technique. Figs. 10 and 11 
show various plastics test results for SE. 




fig. 10. 30-dB SE gained from treated vs. untreated spec¬ 
imens of phenolics. 


*The Transmet Corporation, Columbus, Ohio 
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fig. 11. Shielding effectiveness in different types of plas 
tic treated with solidified conductive flakes. 



fig. 12. Ferrite beads for EMI suppression. 

Although this method of testing is relatively new, it 
is gaining rapid acceptance. Sometimes called the 
Stutz method after its inventor, David E. Stutz of the 
Battehe Institute, this method is used to measure 
planar waves, whereas the shielded box method is 
used to measure the near field. 

Conducted interference, As stated previously, 
conducted interference is best attacked at the source 
or through the cables or wires running to and from 


the box. These problems are usually of much lower 
frequency than EMI/RFI emissions and are the result 
of emissions from motors, transformers, and other 
magnetic field producers. Most hams know about 
ferrite beads (fig, 12), small ferro-magnetic metal or 
graphite tubular-shaped devices that slide over wires 
and suppress conducted emissions. Ferrite beads, 
however, become saturated at a certain current level; 
their attenuation does not increase with frequency; 
they tend to become a resonant frequency element, 
and there are often gaps because of poor fittings. 
Thanks to plastics, there are better ways to suppress 
conducted emissions. Zippertubing™* # for example, 
uses metallic mesh, aluminum foil laminated to vinyl- 
impregnated nylon, and high nickel-steei foil in stan¬ 
dard jackets to form a protective shield fit over entire 
cable bundles (fig. 13), whether they are the tradi¬ 
tional round bunched cables or the flat "ribbon' 
cables used by printers and modern computer equip¬ 
ment today, A new product now under development 
by Zippertubing, Inc., uses a plastic polyurethane 
material, PFR-20B, said to be even more rugged than 
these other jackets. 

Berquist** is another innovative company that 
makes thermally conductive insulating pads that go 
between resistors and the PC board. This company, 
however, has gone one step further by laminating 
copper right onto the pad, (fig. 14). This now pro¬ 
vides not only thermal conductivity but also EMI/RFI 
and conducted interference protection as well. While 
the metal does cause a capacitance between the 
transistor and its heatsink, the capacitance is limited 
to approximately 100 pF for a TO-3 power transistor. 

To the ham on a limited budget, the best way to 



fig. 13, Zippertubing conductive cable covers for suppression 
of conducted interference, 

* Zippert Libing, Inc .Los Angeles, California 
' 'Berquist, Int , Minneapolis, Minnesota 
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achieve magnetic shielding might be to use foil tape, 
which is comparatively inexpensive and comes in 
thicknesses of less than 0.002 inch to over 0.01 inch 
thick with permeabilities ranging from as low as 

3,000 to over 350,000. 

■ 

(If you are really fascinated by this subject, you 
may want to spend $99.50 and buy a kit from the 
Magnetic Shielding Division of Perfection Mica* (fig, 
15). This conta ins sheets and foil forms, a magnetic p ick- 
up probe, design information, and a variety of different 
types of shielding,) 



r 'Stl -PAD SHIELDS" 


bergquist 


fig, 14, Thermally conductive heatsink pads with built- 
in conducted interference suppression. 



fig. IS. Kit for magnetic field shielding. 


There is as yet no perfect coating, adhesive, or 
potting compound; EMI shielding with plastics is a 
science in itself. Out with technology evolving rapidly 
in this area — and with many effective EMI shielding 
materials becoming increasingly available — you 
need no longer invariably avoid using plastic cases in 
building equipment, 

ham radio 
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There are over 

1800 New Hams every month 

just waiting to hear from you. 
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In the highly competitive field of amateur radio, achiev¬ 
ing name recognition and getting ahead of the compe¬ 
tition are critical to a successful marketing effort. Com¬ 
panies that know this have turned to DCC Data Service 
for quality mailing lists. Through our HAM HOTLINE 
lists, these successful companies have been the first to 
reach the new Hams with their offers for radio equip- 
merit, accessories, magazines, technical publications 
and other related products and services. These names 
represent the latest additions to our cumulative master 
file of over 428,000 Radio Amateurs, The HAM HOTLINE 
service has been a proven moneymaker and an excel¬ 
lent supplement to magazine advertising. 

SO DON'T KEEP ALL THESE NEW HAM 
ENTHUSIASTS WAITING. GIVE US A CALL TODAY. 

Rates and Selections: 

• Monthly Novice Hotline r<*v H 1800 names month) 560/M 

• Upgrades and Changes <avg i i ooon.«tn:v month} , S50/M 

• Last 6 Months Hotline pa«ooo™im«i S50/M 

• Cumulative files also available ^ 129 

DCC Data Service 

1990 M Street, N.W, 

Washington. D.C. 20036 
(202) 452-1419 
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74LS 


LS00 

.24 

LS164 

.60 

LS01 

.24 

LS165 

.85 

LS02 

.24 

LS166 

.99 

LS03 

.24 

LS169 

1.25 

LS04 

.24 

LS174 

.60 

LS05 

.24 

LS175 

.50 

LS08 

.24 

LS181 

1.99 

LS10 

.24 

LS191 

.90 

LS11 

.24 

LSI 92 

.80 

LS12 

.30 

LSI 93 

.80 

LS14 

.50 

LS195 

.65 

LS20 

.24 

LS221 

.80 

LS21 

.25 

LS240 

.95 

LS27 

.24 

LS241 

.80 

LS30 

.24 

LS242 

.90 

LS32 

.36 

LS243 

.90 

LS42 

.49 

LS244 

1.25 

LS51 

.24 

LS245 

1.50 

LS74 

.40 

LS251 

.50 

LS85 

.60 

LS257 

.55 

LS86 

.39 

LS258 

.55 

LS90 

.50 

LS266 

.50 

LS93 

.55 

LS273 

1.25 

LSI 09 

.39 

LS279 

.45 

LS112 

.39 

LS283 

.60 

LSI 23 

.75 

LS290 

.85 

LSI 24 

2.75 

LS293 

.85 

LSI 25 

.45 

LS298 

.89 

LSI 32 

.50 

LS299 

1.60 

LSI 33 

.49 

LS366 

.45 

LS138 

.60 

LS367 

.50 

LSI 39 

.60 

LS368 

.40 

LS151 

.50 

LS373 

1.25 

LS153 

.50 

LS374 

1.35 

LS154 

1.75 

LS375 

1.19 | 

LS155 

.50 

LS377 

1.49 

LSI 56 

.55 

LS378 

.85 

LS157 

.60 

LS390 

1.19 

LS161 

.60 

LS393 

1.19 

LSI 62 

.65 

LS399 

1.25 

LSI 63 

.50 




TTL 


7400 

.19 

7474 

.35 

7402 

.19 

7486 

.29 

7404 

.19 

74109 

.45 

7408 

.24 

74125 

.49 

7410 

.19 

74154 

1.19 

7438 

.22 

74175 

.79 

7440 

.19 

74367 

.59 

6500 



6522 

6.95 

6800 

6800 

2.50 

6821 

2.95 

6802 

5.00 

6840 

10.00 

6810 

2.00 

6850 

2.60 

6820 

3.25 
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EPROM SPECIAL 


We bought a large quantity of 
2708s from a computer 
manufacturer who redesigned 
their boards. We removed them 
from sockets, erased and 
verified them, and now we offer 
the savings to you. Complete 
satisfaction guaranteed. 

2708 

$1.49 or 10/$12.00 


STATIC RAM 


TMM2016-2KX8 

200 n.s. . 8/39.95 

2101-1 - 256X4 

500 n.s. 1.00 

21L02-1KX1 250 n.s. L.P. . .75 

2102AL-4 L.P. 450 n.s.49 

2114L-3 1KX4 300 n.s. 

L.P. 2.75 8/16.00 

TMS4044 (MCM6641 C-25) 

4KX1 250 n.s. 8/8.00 

TMS4046 450 n.s.65 

5101E-8 - 256X4 - 

CMOS . $1.00 

HM6116P-4-2KX8 

200 n.s. CMOS. 8/39.95 

6501-5 256X4 - CMOS - Data 
Retention 2 Volts - 22 Pin - 
200 n.s. Typ. - 5V - Very 

Low Power . 1.50 

8108-5 1KX8 NMOS 500 NS 
22 Pin . 2.00 


4K STATIC RAMS 


LESS THAN 504 EACH 
MK4104J-4 - 250 N.S. 18 Pin 
Ceramic Computer Mfg. 
Surplus. PRIME. Fully Static. 
Easy to Use. Has Same Pin Out 
as TMS4044, but slightly 
different timing. With Specs. 
(Mostek) 

8 for 5.00 32 for 15.95 

VERY LOW POWER! 


P. 0. Bo* 280298 Ballot, Ttiat 75228 
(214) 271-5544 E£3 “ 





EPROM 

1702A 256X8 1 us . 

.. 2.00 

2708 1KX8 450 n.s. 

.. 2.20 

27A08 1KX8 350 n.s. ... 

.. 3.95 

2758 1KX8 +5V 450 n.t 

.. 2.50 

2716 2KX8 


450 n.s. 

. 3.20 

2716-1 2KX8 350 n.s. .. 

.. 5.50 

2732 4KX8 450 n.s. 

.. 4.75 

2532 4KX8 450 n.s. 

.. 5.50 

2764-25 250 n.s. 

. 11.95 

_ 


DYNAMIC RAM 


5280N-5 (2107B-4 • TMS4060) 

4KX1 . 8/3.95 

4027-4KX1-250 n.S.1.00 

4116-16KX1-250 n.s. ... 8/9.00 
4116-16KX1-200 n.s. .. 8/11.50 
4164- +5v 64K 200 n.s. 8/48.00 


8000 


Z8002 

29.95 

8080A 

2. 

80C35C 

4.50 

8085 

5. 

8035 

2.95 

8085A-2 

7. 

8039 

3.95 

8088 

20. 


8200 


DIP SWITCH 


DT08 BY ALCO 
8 POSITION DIP SWITCH 
Super low profile - 
Made for automatic Insertion - 
SPECIAL — .90 10/7.50 


Z80 


1863 . 3.95 

IM6402-+5v High speed 
UART-AY5-1013 pin out 2.95 
INS8250B . 9.95 


MISCELLANEOUS 


AY3-8910 w/60 pg. 

manual . 9.95 

8T97 .49 

14 pin dip Shunt . 4/1.00 

16 pin dip Shunt . 3/1.00 

DAC08CN - 8 Bit D to A . 1.79 

DAC0802 . 2.49 

UPD371 - Cassette 

Controller . 2.50 

TMS4103J - Char. Gen. .. 4.00 

2513 L.C. 4.95 

1488-1489. 75 

6100 - CMOS - 
12 Bit CPU . 3.95 




SOCKETS 

Low Profile SOLDER TAIL 



6 Pin 
8 Pin 
14 Pin 
16 Pin 
18 Pm 
20 Pin 
24 Pm 
28 Pin 
40 Pin 


14 1.00 
13 1.00 
10 1.00 
8 / 1.00 
8 1.00 
7/1 00 
6 1.00 
6 1.00 
5 1.00 


8202A 

15.95 

8250B 

9.95 

8212 

1.25 

8251 

3.95 

8214 

2.00 

8253 

2.95 

8216 

1.50 

8257 

6.00 

8224 

1.50 

8279-5 

7.95 

8228 

3.00 


■ — — 


BUY S10 
GET SI 00 
FREE CHOICE 


F.D. CONTROLLERS 


1771 Single Density .... 

15.00 

1791 Double Density ... 

20.00 

1793 . 

22.00 

1797 . 

24.95 

2793 . 

- 

35.95 


Z80 2.5 MHZ CPU ... 

.... 3.50 

Z80CTC . 

.... 3.75 

Z80DMA-DMA . 

.... 9.95 

Z80PIO . 

.... 3.95 

Z80SIO/O . 

... 16.95 

Z80A-4MHZ CPU ... 

.... 4.95 

Z80A DART. 

.... 9.95 

Z80A-PIO. 

.... 5.95 

Z80ASIO/O . 

... 19.95 

Z80B 6 MHZ CPU ... 

... 14.95 

UART 


CONTROLLER SET 


THREE CHIP SET 
1797, 2143-03, 1691 by W.D. 
Compare at up to 86.85. 
B.G. SPECIAL 
All 3 for only $29.95 


CRYSTALS 


32.768 Khz SPECIAL .... 

.. .85 

262.144 . 

.. .75 

300.000 . 

. 1.00 

1.5432 Mhz . 

.. .75 

1.8432 . 

. 2.49 

2.000000 . 

. 2.49 

3.000 . 

. 1.15 

3.120. 

. 1.20 

3.579545 - HC18 . 

. 1.00 

4.000 . 

. 2.49 

4.194304 . 

. 1.50 

4.433618 . 

.. .75 

4444.000 . 

. 1.25 

4.9152 . 

. 2.49 

4.916 Bd. Rate . 

. 1.25 

5.000000 . 

. 1.50 

5.0688 . 

. 3.75 

5.616 . 

. 1.59 

8.000 . 

. 1.99 

9.90000 . 

. 1.25 

10.69425 . 

. 3.75 

10.8864 . 

. 1.49 

11.088 . 

. 1.59 

12.000 . 

. 2.75 

14.31818 . 

. 2.49 

16.00000 . 

. 1.50 

17.430 . 

. 2.49 

18.2259 . 

. 1.00 

20,000 . 

. 3.75 

21.87108 . 

. 1.00 

22.092 . 

. 1.00 

32.000 . 

. 2.49 

87.3333 . 

. 1.00 

91.000 . 

. 1.00 

104.8 . 

. 1.00 
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WE’VE GOT EM! 

5-1/4" 

HALF SIZE DRIVES 


40 Track per side 

Double-sided, 
double densely 

Same as SA455 

Latest head & 
drive technology 

Fast access time 


Two of These Half Size Drives will 
Fit In the Same Space as 1 Full Size Drive! 


2/*450 


Comptr* ftl up lO SMS *i 

ADO S3 00 UPS PEA DRtVE 


GIANT COMPUTER MANUFACTURER S SURPLUS! 


UNBELIEVABLE LOW PRICE!!! 


Recently Xerox Corp. changed designs on their 
popular 820* computer. These prime, new. 820-1 PC 
boards were declared as surplus and sold Their toss 
is your gain! These boards are 4 layers for lower 
noise, are polder masked, and have a silk screened 
component legend. They are absolutely some of the 
best quality PC boards we have seen* and all have 
passed final vendor QC. Please note, however* these 
surplus boards were sold by Xerox to us on an AS IS 
basis and they will not warranty nor support (his 
pari, 

We provide complete schematics, ROM S* and 
parts lists, tf you are an EXPERIENCED computer 
hacker, this board is for you! Remember, these are 
prime* unused PC boards! But since we have no 
control over the quality of parts used to populate the 
blank board, we must setl these boards as is. without 
warranty* You will have to do any debugging, i! 
necessary, yourself! CP/M 2*2 lor the original Big 
Board, sold by Digital Research Computers, P. O, 
Box 461565* Garland, Texas 75046, will run on this 
PC board without modification. It is available from 
them for £139 including manuals. 


ADD S2 PER PC BOARD FOR SHIPPING, (USA and Canada) 


‘CP M TM OF DIGITAL AESf ARCH INC (CALIF > 920 TM OF XEROX COAP £00 TM OF Z|LQG 


^ 114 


TERMS; Orders over $50 add S5Cinsurance. No COD Tex. Res. Add $% Sales Tax. Subject to prior sale. Foreign orders: U$ lunds only. Wecannol ship 
lo Mexico, Foreign countries other than Canada add $6 per board shipping 


Z80* SINGLE BOARD COMPUTER! 

64K RAM — 80 x 24 VIDEO DISPLAY — FLOPPY DISK CONTROLLER 

RUNS CP/M* 2.2! 






ALL ORDERS WILL BE 
PROCESSED ON A STRICT, 
FIRST COME* FfRST SERVED 
BASIS! ORDER EARLY! 


(BLANK BOARD WITH 
DATA AND ROM S.) 


BOARD MEASURES 

11V' x 12 V?" 


$ 39.95 


More Details? CHECK-OFF Page 108 
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C & A ROBERTS, INC. 

18511 HAWTHORN BLVD. 

TORRANCE, CA 90504 

213-370-7451 

24 Hour: 213-834-5868 

Not The Biggest, But The Best — 

Since 1962. 

FONTANA ELECTRONICS 

8628 SIERRA AVENUE 
FONTANA, CA 92335 
714-822-7710 
714-822-7725 

The Largest Electronics Dealer in San 
Bernardino County. 

JUN’S ELECTRONICS 

3919 SEPULVEDA BLVD. 

CULVER CITY, CA 90230 
213-390-8003 
619-463-1886 San Diego 
800-882-1343 Trades ' 

Habla Espanol 


Connecticut 


HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 

Call today. Friendly one-stop shopping 
at prices you can afford. 


AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 

ORLANDO, FL 32803 

305-894-3238 

Fla. Wats: 1 (800)432-9424 

Outside Fla: 1 (800) 327-1917 

Hours M-F 9-5:30, Sat. 9-3 

AMATEUR RADIO CENTER, INC. 

2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

The place for great dependable 
names in Ham Radio. 


Hawaii 

HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 

Serving Hawaii & Pacific area for 51 
years. Complete lines of Amateur equip¬ 
ment, accessories and parts. 

Illinois 

ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 

CHICAGO, IL 60630 
312-631-5181 

Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 


Maryland 



Indiana 


Nevada 


Delaware 

DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEWCASTLE.DE 19720 
302-328-7728 
800-441-7008 

Icom, Ten-Tec, Microlog, Yaesu, 
.Azden, Santee, KDK, and more. 
One mile off 1-95, no sales tax. 


Florida 


THE HAM SHACK 

808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
812-422-0231 

Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santee and others. 

Kansas 

ASSOCIATED RADIO 

8012 CONSER, P.O. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5900 

America’s No. 1 Real Amateur Radio 
Store. Trade — Sell — Buy. 


AMATEUR ELECTRONIC SUPPLY 

1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-3114 

Dale Porray ‘’Squeak,” AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 


JUN’S ELECTRONICS 

460 E. PLUMB LANE — 107 
RENO, NV 89502 
702-827-5732 

Outside Nev: 1 (800) 648-3962 
Icom — Yaesu Dealer 


AMATEUR ELECTRONIC SUPPLY 

1898 DREW STREET 

CLEARWATER, FL 33575 

813-461-4267 

Clearwater Branch 

West Coast's only full service 

Amateur Radio Store. 

Hours M-F 9-5:30, Sat. 9-3 


Kentucky 

L & S RADIO 

307 McLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 

Ten-Tec, Azden, Ameritron Sales and 
Service. 


New Hampshire 

POLCARI’S ELECTRONICS CENTER 

61 LOWELL ROAD 
HUDSON, NH 03051 
603-883-5005 

Southern New Hampshire’s only Ham 
Store. Call today for quotes. 



YOU SHOULD BE HERE TOO! 

Contact Ham Radio now for complete details. 
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I mateur Radio Dealer 


New Jersey 

RADIOS UNLIMITED 

P.O. BOX 347 

1760 EASTON AVENUE 

SOMERSET, NJ 08873 

201-469-4599 

800-526-0903 

New Jersey's only factory authorized 
Yaesu and tcom distributor New and 
used equipment Full service shop. 

ROUTE ELECTRONICS I T 

777 ROUTE 17 SOUTH 
PARAMUS. NJ 07625 
201-444-8717 

Drake, Cubic. DenTron. Hy-Gain, 
Cushcraft, Hustler, Larsen. MFJ, 
Butternut. Fluke & Beckman 
instruments, etc. 

New York 

BARRY ELECTRONICS 

512 BROADWAY 
NEW YORK, NY 10012 
212-925-7000 

New York City's Largest Full Service 
Ham and Commercial Radio Store 

VHF COMMUNICATIONS 

915 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
716-664-6345 

Cal! after 7 PM and save! Supplying 
all of your Amateur needs. Featuring 
ICOM “The World System." Western 
New York's finest Amateur dealer 

Ohio 

AMATEUR ELECTRONIC SUPPLY 

28940 EUCLID AVE 
WICKLIFFE.OH (CLEVELAND AREA) 
44092 

216-585-7388 

Ohio Wats: t (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat 9-3 

UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 

REYNOLDSBURG (COLUMBUS). OH 
43068 

614-866-4267 

Featuring Kenwood. Yaesu. loom, 
and other fine gear Factory author¬ 
ized sales and service. Shortwave 
specialists Near 1-270 and airpori 

Pennsylvania 

HAMTRONICS. 

DIV. OF TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
215-357-1400 

Same Location tor 30 Years, 


LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

loom, Bird. Cushcraft, Beckman, 
Larsen, Hustler, Astron, Belden, 
Antenna Specialists, W2AU/W2VS, 
AEA, B&W. Amphenol. Saxton, 3 W. 
Miller/Daiwa, Vibroplex. 

THE VHF SHOP 

BOX 349 RD 4 
MOUNTAINTOP. PA 18707 
717-868-6565 

Lunar, Microwave Modules, ARCOS, 
Astron. KLM, Tama, Tonna-F9FT. 
UHF Umts/Parabolie, Santee. Tokyo 
Hy-Power. Dentron, Mirage 
Amphenol, Beiden 

Texas 

MADISON ELECTRONICS SUPPLY 

1508 mckinney 

HOUSTON, TX 77010 
713-658-0268 
Christmas?? Now?? 


Virginia 

ELECTRONIC EQUIPMENT BANK 

516 MILL STREET, N.E 
VIENNA, VA 22180 
703-938-3350 

Metropolitan D.C.’s One Stop 
Amateur Store. Largesi Warehousing 
of Surplus Electronics. 


Wisconsin 


AMATEUR ELECTRONIC SUPPLY 

4828 W FOND DU LAC AVE 
MILWAUKEE. W! 53216 
414-442-4200 

Wise Wats: 1 (800)242-5195 
Outside Wise: 1 (800) 558-0411 
M-F 9-5:30 
Sat 9 3 



GRO TH- Type 


COUNTS & DISPLAYS/ 
YOUR TURNS 



TC2 

TC3 


% 99.99 Turns 
m One Hole 
Panel Mount 
• Handy Logging Area 
• Spinner Handle Available 
Case: 2x4"; shaft '4"x3" 

o eg I Modal TC2: Skirt 2-1/8"; 


TC3 $13.50 

Spinner Handle 
Add $150 

Prices include UPS 
or Parcel Posl in US 


Knob 1-5/8" 
Model TC3: Skirt 3"; 

Knob 2-3/8" 






ROHN 

“ FOLD-OVER’’ 
TO WERS 

■ EASE OF INSTALLATION 

HDHN Fold Qver Towers are quickly and 
unify installed. The "Fold-Over" is safe 
and easy to service, 

■ ADAPTABILITY 

ROHN has several sizes id fit your applica¬ 
tions or you can purchase Ihe "Fold-Over" 
components lo convert your ROHN tower 
into a "Fold-Over", 

■ HOT DIP GALVANIZED 

All RDHN lowers are hoi dip galvanized 
after la hr i cation. 

■ DEPUTATION 

RDHN is one of the leading lower mamilac- 
lurers. with over 25 years of experience 

Write today for complete details. 


QUALITY STEEL PRODUCTS 0Y 

ROHN 

Box 200D • Peoria. Illinois 61656 

U.S.A. 


hr 
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REVIEWS 


HW-5400 HF transceiver 

Regardless of his or her age, every Radio 
Amateur has heard “the rig here is an HW . . 
Back in the early 1960's, the first of the HW 
single-banders appeared on the scene, and were 
an instant hit. That unit spawned a whole line 
of units which included the SB-101, the SB-301, 
and many more. There are many more stiff go¬ 
ing strong; and now, there's the HW-5400 mi¬ 
croprocessor-controlled HF transceiver. 

The HW-5400 has all sorts of interesting 
features. For instance, when I switched from one 
band to another, and then back to the first band, 
it was still tuned to the original frequency. In case 
of power failure, all the memories are auto¬ 
matically reset to the band edges. 

It has split frequency operation, fast/slow 
AGC, VOX, and antiVOX. It's all there. One thing 
I especially like is the optional keypad frequen¬ 
cy entry. I do quite a bit of split frequency work, 
and this feature makes operating easy; I've also 
found it handy when going off frequency from 
a net. 

When the kit arrived, the first thing that im¬ 
pressed me was the weight of the power trans¬ 
former. (Of course, the power supply is rated at 
20 ampere s, so I shouldn't have been surprised.) 
As soon as I opened the main carton, I was fac¬ 
ed with a notice telling me not to unpack any 


parts until I was told to in the assembly pro¬ 
cedure. I'm glad I followed the instructions.. .the 
packaging is indeed dense. 

preliminary assembly 

The assembly of the kit should take about one 
hundred hours, more or less. It is NOT a kit for 
someone who has had no experience in building 
kits. The instructions and illustrations are up to 
Heathkit standards, but a good deal of care has 
to be taken during soldering on some of the more 
tightly packed boards. 

I took slightly less than one hundred hours to 
do the actual assembly, but I did encounter a 
couple of problems that used up quite a few ex¬ 
tra hours. {It should have taken less, but I was 
being stubborn and didn't want to ask for help.) 
One of the areas where I got stuck turned out 
to be caused by a bad FET. And after some dis¬ 
cussions with Heath, it turned out that the com¬ 
pany was having some difficulties with this par¬ 
ticular part. Heath and Motorola, the manufac¬ 
turer, were working on the problem. The replace¬ 
ment FETs — which were sent promptly — 
worked fine, so the problem I encountered ap¬ 
pears to have been resolved. 

The kit has fifteen circuit boards, some of 
which are simple, with few parts. Others are not. 
But all are well made, and the silk screening job 
is good. While there is really no problem in stuf¬ 
fing these boards, I do recommend that you take 
the advice of good carpenters: measure twice, 
cut once. 

At the end of the assembly of each board there 
is a series of tests to be made. In one, I found 
two solder bridges that I hadn't seen in my visual 
checks — and I was using a lighted inspection 
magnifier. 

1 had a great feeling of accomplishment when 
all the boards were finally done. Then I came to 
the section innocently titled “Chassis." At that 


moment l didn't realize that I was about to 
become an expert in crimping and soldering tiny 
Molex spring connectors on a multitude of ends 
of wires. After doing some 50 connections, I 
checked the price of a crimping tool: over $80. 
I continued my manual assembly procedures. 
(Perhaps Heath will develop a design for mak¬ 
ing a low-cost crimper, because using these con¬ 
nectors really helps during troubleshooting.) 

final assembly 

As I started the final assembly, I looked at the 
pile of boards I had just finished, and then at the 
main chassis, and wondered what kind of magic 
I was going to have to perform to get all that 
material onto one tiny chassis. The installation 
of the pre assembled main cable harness is a 
good example of the kind of magic you'll have 
to perform; I suggest you start this step when 
you're feeling well-rested and kindly towards the 
world. 

After doing the first two or three steps in the 
final assembly, I was instructed to mount the 
audio circuit board and make the necessary con¬ 
nections. Then came the instruction to “connect 
up a power supply" so that a series of operating 
tests could be made. It was only then I realized 
I should have built the power supply first. (I think 
perhaps it would have been wiser of Heath to 
mention this at the very beginning.) However, 
fortunately for me, I had “subcontracted" that 
part of the job to a ham friend who is normally 
a very active person (he goes up and down 
70-foot towers like I go up and down stairs). He'd 
just had an extensive operation on one knee, and 
was “climbing the walls" with inactivity. He built 
my power supply in about six or seven hours. 

All went well with the final assembly until the 
test of the synthesizer board: I just couldn’t get 
the right readings. After following the “in case 
of trouble" charts and trying a few tricks of my 
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own, I called Heath, Very shortly, I was talking 
to Terry, a synthesizer expert, and listening to 
a quick run through of that part of the circuit. 
He made a couple of suggestions and sure 
enough, his first one identified the trouble. It was 
a mica tuning capacitor that was marked 100 pF, 
but was really 1000 pF Mo wonder the circurt 
wouldn't tune! 

t 

I ian into difficulty again on the iF board, but 
this time I didn't waste a moment: I got on the 
phone. It turned out that the trouble was the FET 
problem mentioned above. A package arrived in 
three days, and as it turned out, there were four 
FETs to be replaced 

When I had to remove the IF board, the syn 
thesizer board, and the RF board, l was quite 
happy that Heath had made me pul all those Mo 
lex connectors together. Disassembly was easy, 
it was a: ihis point that the quality of the printed 
circuit boards became really obvious I had abso 
lutely no fear of unsoldering and resoldedng the 
connections on the traces of the PCBs. 

"smoke” test 

I here was one interesting thing about doing 
power on tests after each step in the assembly 
tf you’ve ever put a kit together, then you know 
the thrill and tear ol the "smoke test ,r With This 
rig you enjoy the same emotions over and over 
again. !t doesn't lessen with experience 

Now there u was all put together and ready 
for use. After three or four contacts on 75 and 
20, J decided if was time to finish the job and 
install the unit in its cabinet. But first. I thought 
J should do a flit of peaking up, using my old 
but reliable General Radio Model 605A signal 
generator There was no improvement. 

state-of-the-art circuitry 

This is a complex, state of the art transceiver 
The simplified block diagram (fig. 1) shows the 
flow of signals On both transmit and receive, 
the signals go through The lowpass filter (which 
is switched for each band). On receive, Ehe signal 
goes through a highpass filter to get rid of broad 
cast band signals, and then travels through a 
bandpass filter which is also switched for each 
band. Notice that the BP filrei is used on both 
transmit and receive. The signals go one way on 
transmit, and the opposite way on receive This 
is dona by some very clever diode switching. The 
final amplifier is permanently connected to the 
output The transmit receive relay is connected 
in the receive tine, and is opened on transmit. 

finger sensor 

Do wn ejI I he bottom of the block diagram are 
Three blocks labeled DISPLAY, FREQUENCY 
SYNTHESIZED OSCILLATOR, and MICRO 
PROCESSOR They are NO I Simple. The micro 
processor is the device which makes everything 
happen in the HW 5400 It controls the display, 
the frequency synthesizer, and the finger sen 
sor of the tuning knob. Yes, that's right . . the 
finger sensor. 

Now here's a bit of genius in design. The main 



tuning knob has two finger spinning holes. One 
of them has a metal insert. When your finger 
toucites the metal insert, the two digits after the 
decimal on the display go out, and as you tune, 
the frequency increment is 1 kHz instead of 50 
Hz. So when you want lo make a big shift in fre¬ 
quency, use the metal insert spinner; fur fine tun 
mg, use the other one. On ihe unit that l built, 
1 have the keypad accessory; for big jumps I use 
the keypad, andfor 20or30 kH/ r I use the spinner 

frequency control 

The frequency synthesizer circuits control the 
VCOs, which combine to produce the required 
injection signal. The VCOs are controlled by a 
feedback loop referenced back to a crystal con 
trolled oscillator. This loop has a bandpass filter, 
and the settling t/me tor a VCQ is inversely pro 
portional to the- bandwidth of the filter The filter 
mu$1 be narrow enough to get rid of the refer 
ence frequency, and yet wide enough to allow 
quick response. 

Heath solves the problem ingeniously They 
set up the circuit so That the input to one of the 
divide by N chains is Che difference between two 
VCOs The step frequency of PLL 1 is 10 05 kHz; 
ihat of PLL 2, is 10 kHz, The difference between 
the two steps is only 50 Hz, yet the reference 
frequencies are at 10 kHz. This makes the filter 
mg out of the reference frequency relatively easy 
The output of VCO 1 is from 5.45 6.05 MHz (in 
50 Hz steps). It is mixed with the BFQ signal 
f8 83 MHz) to give 14.28 14 88 MHz. Then the 
signal is mixed with 10 or 20 MHz, and the out 
put from VCO 3 or VCO 4, and the desired oul 
put frequency rs produced. A lot of the switching 
is solid state, so that the bands witch is compos 
ed of only three waters. One of those is used 
to control the solid state switching circuitry. 

The display on the HW 5400 is easy to read. 
At the left there is a series of symbols that in¬ 
dicate which mode the tig is in. There are several 
indicators out of band, split frequency, trans 
rnit, and unlocked VCO, The VOX, anti VOX, 
delay, and side tone controls are under a little 
flip up panel to the right of the display. 

When the Heath engineers laid oul the printed 
circuit boards, they kept the transmit and receive 
parts pretty well separated, and generally speak 
mg r the schematics follow the board layoui in 
the same fashion This makes it a little easier to 
locate the components on either the boards or 
the schematics 


operation 

As 1 mentioned befoi ■. when I switched from 
one band to another, the HW !>4(X) remembered 
the frequency 3 last used on the original band 
But m will also remember a second frequency. 
Wflh eight bands (SO, 40. 30, 20, 17, T5 f 12. and 
103, that makes a Total of sixteen frequencies in 
memory, t>ecause The HW 54(K) provides lor Split 
frequency operation on each band. Incidental 
ly, when I operated split frequency, I found a 
slight delay in going from receive to transmit (but 
only on split frequency simplex, the VCOs am 
already on frequency and there is no delay This 
happened because the VCOs require a little time 
to settle. 

1 found it strange To be able to switch from 
one band to another without having to retune; 
m fact, 1 kept looking for the knobs Fortunate 
ly. all of my antennas have fairly low SWR At 
least (hey are low enough so that the HW 5400 
will accept them without shutting down. Just 
to see what would happen. I put ihe rig on 75 
meters and left the 20 meter beam antenna con 
nected The HW 5400 absolutely refused lo put 
out any power, I didn't do any fancy tests to see 
at what SWR it would quit, but 1 Figure that this 
is the mistake most likely to be made. 

One disconcerting tiling at first was 'chirp ' 
of the 50 Hz steps as 1 Tuned in a CW or RTTY 
signal. But soon I no longer noticed the noise. 
For final tuning of signals, I started to use the 
RIF It is smooth. Another feature 1 like is the 
JF shift It seems to me thri! whenever ) go off 
a net To talk to someone, the frequency I select 
invariably becomes the channel adjacent to the 
National Tuneup Frequency 1 With the IF shift, 

I can slide ihe IF sideways a little and get rid of 
the QRM It's a nice feature. 

While the high speed tuning feature is great, 
it did produce a surprise one evening f spun the 
dial to a new frequency to meet someone for a 
QSQ, and because Heath'included a muting cir 
cun to quiet she receiver while the VCO is sett! 
mg, I ended up about 15 kHz past a local He 
was transmitting when ! tuned past him, but it 
took a few milliseconds before the speaker al 
most came off Ihe desk from the buckshot. It 
took me a second or two to realize what had hap 
pened 1 moved down another 15 or 20 kHz and 
learned something the HW 6400 is almost as 
good as my tube rig for bearing up under close 
by locals. I carried on The GSQ about 30 kHz 
from the local, and although I knew he was 
There, it wasn't difficult or even uncomfortable 
to carry on the QSO 

Radio Amateurs are never satisfied It doesn't 
much matter who designs what we'd always 
like to see something different For me, there are 
two things missing from The HW 5400: 160 me¬ 
ters and a way to connect up my SB 610 band 
scanner After having used one for fifteen years 
or so, I feel almost lost without ti connected. 

One of the things 1 really like about this rig is 
the uncluttered from panel, you can tell what 
each control is for without searching through the 
instruction book The knobs are far enough apart 
so that I don't feeJ crowded. 

If you like to build, and have some experience 
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|TUBES, SEMICONDUCTORS, IC'S 
DIODES AT SUPER LOW PRICES 
IN DEPTH INVENTORY 
EIMAC, SYLVANIA, GE, CETRON 


O 

3-40QZ 

a 


4CX250B/7203 
4CX1 OOQAjS 168 
4PR60O8252W 
4)0 50 A/70 34 

5AR4 

5C22 

bR4GB 


aucc 

6KV6A 


12AX7A 

5720m 60L 

705A 

811A 

813 

8296 

832A 

833 A 

86b A 

872A 

M-2057 

5670 

5684 

5667 

5751 

5814 A 

5879 

5894 

6005 

61466 

6360 

652BA 

65 50A 

68836 

7360 

7558 

7591A 

7666 

8072 

84 T 7 

8874 

8875 . 

B877/3CX1500A7 

8908 

8950 

MRF453 

MRF 454/A 

MRF 455/A 

2 N6084 


2 64 
49.5C 
10 00 
13,50 
40.00 
40.00 
38 OQ 
14500 

9.50 
24.00 
15.00 

4.40 

33.00 

4.00 

4.00 

3 70 
5 75 

85.00 
5 25 
7 50 

6.50 
75 00 

7 50 
9.00 
12.25 
7 00 
4.70 
3.75 
95.00 
687 
195.00 
210.00 
475.00 

12.95 
11.50 

19.95 
19.95 
19.95 
15.00 
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Full line of Sylvania ECG Replacement 
Semiconductors Always in Stock, 

Alt Major Manufacturers Factory Boxed. 
Hard To Get Receiving Tubes At Dis 
count Prices, 

Minimum Order $25.00. Allow $3.00 For 
UPS Charges. Out of Town. Please Can 
Toil Free: 800*221 -5802 and Ask For 
"ABE". 

J _ 


1 IT-: I 4k 1. m . An ■ r t J 3 


IWWl 

Tel, 212-633-2800/Wats Line 800-221-5802 
TWX 710-584-2460 ALPHA NYK. 


nt it. the HW 5400 is u good rig to Tackle. if you 
want to dig inside to fix or tweak something, 
you'll be able to go ahead with confidence be 
cause you'll have been inside at least once 
before. You II enjoy operating the HW 5400; it's 
a good rig. 

For information on the HW 5400, contact 
Heath Company, Benton Harbor* Michigan 
49022 

Fred Looker, VE32L 


HW-5400: specifications 

coverage' 80,40,30,20,17,15, 

12,10 meters plus 
WWV at IUMH; 
readout; 7 digit display, 

vacuum fluorescent 
with special symbols 
readout accuracy: to nearest 50 Hz 
frequency control: synthesized 
memory storage: 2 frequencies/band 
stability: less than 50 ppm 

drift from cold start 
modes: SSB normal and 

reverse CW - wide 
and narrow 


sensitivity: 

receiver 

less than 0.35 pV for 

audio output: 

— s r 

2 watts in 4 ohms 

AGC: 

selectable {fast or 

in termed: 

stow) 

70 dB at 25 kHz | 

RF output: 

transmitter 

100 watts except on 

TO meters {80 Wl 

load impedance: 90% rated power at 

2:1 SWR 

high SWR protection 
transmit receive: SSB: PTT or VOX 

dimensions: 

CW — full break in 
(simplex only) 

general 

11 Yj x 14 x 5 

weight: 

inches 

129.2 x 356 * 12.7 
cm) 

24 pounds 110.9 kg) 

power: 

13.8 volts DC at 20 


amperes 

(HWA-5400-1 power 
supply: 120/240 V f 

60 Hz) 



TOWERS 


i by ALUMA 

J HIGHEST QUALITY 

1 ALUMINUM & STEEL 
60 H Alum TELESCOPING (CRANK UP] 
CrinkUp GUYED (STACK-UP) 

MoOtl i DtTH jilt.ovER MODELS 

Easy to install. Low Prices, 
I Crank~ups to 100 ft. 


EXCELLENT FOR 
AMATEUR COMMUNICATIONS 


MutuTr Truilt T yp* 


Qyr'i .56 typl'S •llLilTliJHJrTT 
c« t ■-t-i-H-i toner's m.:tde 

eh ilt L '.Ji|rih*t3 

I >•!. 1 ■ ] K ■ WRiP f'jl JOLlllS 


SPECIAL 

Four SecliQn 50 Fl 
V.in Mourned Crank’Up 
Alum a T Owe/ 
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book review: 
radio frequency design 

Wes Hayward, W7ZOL an engineer from 
Tektronix, is well known to the Amateur and 
professional community. His numerous efforts 
to educate designers in both detailed schemata 
ics and system approach have led him to write 
Introduction to Radio Frequency Design, pub¬ 
lished by Prentice Hail in January, 1982 

Having seen many books on this subject, f 
was impressed with the way this one was com* 
posed and the way issues are addressed. The 
book consists of eight chapters covering tow 
frequency transistor models, filter basics, 
coupled resonator filters, transmission lines, 
two port networks, amplifiers and mixers, and 
oscillators and frequency synthesizers, A final 
chapter ts titled "The Receiver: An RF 
System.” 

The material presented is complete; refer¬ 
ences are well chosen. The book reads easily 
and makes one feel sufficiently impressed to 
keep on reading I was tempted to use my 
computer resources to verify some of the more 
complex numerical examples, and I was not 
surprised to find that the author's calculations 
were correct, I especially enjoyed a few specif¬ 
ic items (his non linear model of the transistor 
and his analysis of noise, for example) and rec¬ 
ommend these sections — and the book as a 
whole — to all readers. Introduction to Radio 
Frequency Design is t horoughly enjoyable and 
well worth the $29.95 investment. 

OJ2LR 
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Sherwood filters 

Receiver selectivity and the ability to reject on 
warned signals are subjects of tremendous trv 
terest to Radio Amateurs, Long known for their 
excellent aftermarket filters and extensive 
modification of the R4C receiver, Sherwood 
Engineering now has a line of front end anten 
na filters. My interest came as a result of a phone 
call from George Heidelman at Sherwood alert 
ing me to a new filter they had designed recently 
for the 160 meter DX window, 1 825 1.830 MHz, 

If you haven't been on 160 meters recently, 
you would be surprised by the amount of activity 
that will he found. On almost any given even 
ing there are plenty ol CW and SSB GSQ's in 
progress; rapid growth and the elimination of 
power restrictions has resulted in some crowd 
ing on the band. For instance, SSB operators 
who sit just above 1.830 MHz with an LSB sig 
nal put a fair part of their signal down into the 
OX window. 

During both phone and CW contests, when 
160 can sound as bad as 20 meters, the DX wm 
dow is often bracketed by strong signals For the 
average transceiver or receiver, this can result 
in very difficult copy in the DX window area. In 
stallation of the Sherwood filter will pass only 
these signals that fall between 1.825 and 1 830 
MHz Thus facilitating easier reception without 
front end overload, in ter modulation products, 
etc. Another suggested application is at large 
multi op, multi transmitter contest stations; a 
spotter can scan the DX window, minimizing 
interference, while the operator is working sta 
tions on another part of the band. When another 
multiplier is heard, the operator can GSY to the 
appropriate frequency and attempt to work the 
station. 

The filters can also be used to reduce in 
terference from high powered shortwave broad 
cast stations and in high ham density, urban en 
vironments. Currently Sherwood Engineering 
has available filters I hat cover 25 kHz segments 
for the 40 and 20 meter CW bands, 12,5 kHz 
segments of 80 75 meters, and any 5 kHz seg 
merit on 160 meters. Other frequencies are 
available on request. 

These low loss from end antenna filters are 
based upon a high performance, 6 pole, crystal 
50 ohm design. They have a shape factor of 
2.25 1, 6 60 dB and are designed to be used 
with any receiver and can be adapted to most 
transceivers 

the acid test 

After receiving the filter from Sherwood, I 
reconfigured my receiver in pur so that I could 
switch in and out the filter to do A B compari 
sons. Because t live in a low density area, hav¬ 
ing other stations nearby is not a problem How 
ever. as more and more new hams have joined 
the fun on 160 meters, the band has become sig 
nificantly more crowded During several 1983 
contests, I found that while listening with the 
filter in, I was able* to effectively reduce in¬ 
terference coming from other stations outside 


the DX window. At the filter s edges, nearby 
signals were not completely eliminated due to 
operating at the 3 dB points My overall impres¬ 
sion of these front end filters is that they would 
be highly desirable at a multi-op, multi irans 
mitter operation and in any high ham density 
area. For 160 meters, they provide an extra 
measure of selectivity to help ferrett out those 
weak and hard to copy DX signals. They can 
also lie used ahead of a Beverage antenna pre 
amplifier 

Filters tor several frequency segments are 
available for each band. They include the 
FE 14000 6, FE 14200/6, FE-7000 6 r FE 3500/6, 
and FE 1825/ 6, as well as others that may be 
specially ordered Most are priced at $80; 160 
meter filters are priced at $145. Add $3 for 
domestic shipping, $6 for shipping overseas. 

For more information on Sherwood's front- 
end filter or any of the rest of their product line, 
contact Sherwood Engineering* 1268 S. Ogden 
Street* Denver, Colorado 80210. 
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remote control 
antenna tuners 

Here's a brand new product of interest to 
hams who've been disappointed with their an 
tenna's performance. The VT 3/VT 4 is a re¬ 
motely tuned series-fed capacitor that is con 
nected directly to the antenna. Adjusting [he 
VT 3 VT 4 will tune the antenna to a minimum 
value of SWR For example, mobile antennas 
that would before only tune 20 kHz without re- 
adjustment, will now be able to tune the whole 
band by a flick of the switch Other suggested 
uses are with a trapped vertical, half wave 
doublet, long wire, orsloper. 

The VT 3 VT 4 is housed in an aluminum 
universal base mount with an anodized alumi 
num cover for weather protection. With the 
addition of the LC 4 inductor kit, it can be con¬ 
verted to a voltage fed matching device This is 
a single band system that can cover 1 8 30 
MHz and will provide full size band coverage 
with appropriate coil lap adjustment 

The VT 3 is designed for mobile installation 
and operates directly from the vehicle s 12-volt 
power supply. The VT 4 is a 117 VAC 12 VDC 
supply and switch. The VT-3/VT-4 has a 
switch to activate the capacitor and limit lights 
show when either maximum or minimum ca 
pacitance values are reached. Both units re 
quire eight conductor control cables. Current 
consumption is low so cable tuns can be long 


DISKS 

CONTROL DATA 
5%” SSDD 35-40 Track 

$22 Box of 10 

(5 or more S21/Box) 

FREE SUPPLIES CATALOG 
Write Today 

Payment: Mastercard/Visa (include 

Number and expiration dale), Morey 
Order, Cashier's Check, Personal Checks 
(allow 10 days to clear). Shipping 3%, S3 
minimum, by UPS mainland USA. Sorry 
no APQ/FPQ/COD's. New Jersey add 
6%. Prices and availability subject to 
change without notice. 

ourraiNr 

COMPUTE ft AND vVQRD PROCESSING SUPPLIES 

44 FORREST RQAD 
. RANDOLPH. NEW JERSEY 07869 


1296 & 

MAKI UTV 1200 - S 499 9S 
MAKI20W AMP - s 430°° 

MICROWAVE MODULES 

432 / 435 TRANSVERTERS 
432/1296 YACI-18 + dB 

0-10 TRACKING PROG. 

TIMEX/ZX-16K 
Vic-Basic $12.95 

Also Avail. W/RS & STS 

See the Timex/ zx autotrak 

ROTOR CONTROLLER AT DAYTON 84 
5ASE for full details 


HI 



5717 NE 56th, SEATTLE, WA 
206-382-2132 ^ iao 98105 



New CMOS DTMF Chip Kit 

Teltone s TRK-957 Kit makes it easier and 
less expensive to breadboard a low-power, 
central office quality DTMF detection system 
All you need is a power source from 5 to 12 
VDC The sensitivity, wide dynamic range 
noise immunity. and low-power consumption 
make she TRK-957 ideal for telephone 
switching computer, and remote control 
applications The TRK-957 DTMF Kit is only 
$24 75 To order call 

(800) 227-3800, ext. M3Q, 
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Price for the VT-3/VT4 is $159.96. Eight 
conductor cable is available for 24 cents per 
foot and the LC-4 inductor kit is priced at 
$39 GO. All Vector Radio products are sold with 
a money back guarantee. 



For more information on the Vector Radio 
VT-3/VT 4 remote antenna tuner, contact 
Vector Radio Co., P Q Box T166, Cardiff, Cali 
forma 92007. 
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radio modem 

Macrotronics, Inc. has introduced the RM1000 
radio modem, a hardware and sof tware system 
that converts a persona! computer into a state 
of the art communications terminal supporting 
Morse, Baudot and ASCII codes. The radio 
modem is intended for use by Amateur Radio 
operators and SWL s for copying news and wire 
sevices. It features commercial quality 
demodulators, dual bar graph tuning, and ex ten 
sive software capabilities 

The RM10GG uses multistage active filter 
demodulators with dual LED bar graph tuning in 
dicators tor reception of both Morse code and 
radio tele type (RTTYS signals. It offers three 
RTTY shifts which may be selected from The 
computer keyboard, and a crystal controlled 


AFSK lone generator provides stable RTTY key 
ing. Relays are used for Morse code and push 
to talk transmitter keying, A hardware clock con 
tinuously displays time and may be inserted in 
to text in a completely user programmable for 
mat. 

Many features are included in the software to 
accommodate a wide variety of operating situa 
lions including net operations, MARS, RTTY, 
art ( r 'PlX"i r contesting and SWLing A 70 page 
user manual is included. 



The RM1000 radio modem system is current 
ly available for ATARI™, APPLE™. IBM™ and 
Radio Shack TR38G™ microcomputers. For 
complete information, contact Macrotronics, 
Inc.. 1125 N Golden Slate Blvd., Turlock, 
California 95380 
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new solid-state tube for 
Drake R-4 

Sartori Associates has just announced die 
availability of a new solid-state tube, the 
SBA6 Designed to replace the 68A6 in Drake 
R-4IA-B C) receivers, the SBA6 will also re¬ 
place ihe RF and IF 6BZ6 vacuum tubes in the 
R 4A/B and early model R 4C, as well as the 
6BA6 and 12BA6 vacuum tubes used in the IF 
amplifiers of the R 4 serres. I For the third mixer 
in the early model R 4C. we recommend re¬ 
placing the 6BA6 wirh a 6HS6 SHS6 (Drake 
made this improvement in the mid model R 
40, The new SBA6 will also serve as a plug-in 
replacement for your T-4X 12BA6 ALC'd IF 
amplifier. 

Sartorr solid state tubes provide no warm 
up, high performance, trouble free operation 
with R 4(A B Cl receivers, Sartori also manu 
factures SEJ7, SHS6, and SBE6 mixers tor the 
R-4 series and ihe SEJ7, SHS6, SAU6, 
SAX7 1, SAX7 2, 5EV7 3FQ7 SAG8 tor the 
T 4X serres All are priced at $23.00 postpaid 

For more information about the S8A6, con¬ 
tact Sartori Engineering, P 0 Box 2083. Rich 
ardson, Texas 75080. 
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IC-04A and IC-04AT 

The 1C 04A and 1C 04 A1 L two new 440 MHz 
NTs from ICOM, feature frequency entry, con 


trot functions and 32 PL tones controlled by the 
16 button pad on the face of the radio Also in 

i 


* 

-A. 



eluded are priority scanning (both of memor 
ies and programmable band scan!, and DTMF 
itMAf only), For scanning, 5 kHz increments are 
front panel selectable Ten memories with inter¬ 
nal lithium battery backup give the ultimate in 
flexibility for channelizing operation for easy ac¬ 
cess to most used channels, A custom LCD 
readout with S meter is unique to the ham 
industry. 

The 1C 04A and 1C 04AT have the same styl 
ing. control features and I unctions of the 
1C Q2A(Tb and Utilize the existing accessory line 
available for the fC 2A and 1C 2AT, plus new ac¬ 
cessories such as long life and high power bat¬ 
tery packs. 

For details, conlacl ICOM, 2112 116th Ave¬ 
nue, N.E., Bellvue, Washington 98004 
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full-function DTMF decoder 

A lull function dual tone multifrequency de¬ 
coder module, model 2009, is a state-of the-art 
CMOS design which decodes aII 16 DTMFcodes. 
Available from Prohdm Electronics, model 2009 
has several advanced features such as a crystal 
controlled timabase for long term accuracy, on¬ 
board voltage regulation, cm inter detection with 
period averaging to minimize falsing, and latched 
4 bit digital outputs with a choice of binary or 
r ow co I u mn f orma t 

Two LSI CMOS Chips provide high perform 
ance operation and minimize the parts count. All 
bandpass and band reject filtering is achieved 
by using one switched capacitive filter integrated 
circuit. The time base oscillator and dividers are 
also within this chip. Likewise, the actual de 
coding is performed by the second CMOS de 
vice. This simplifies operation, since there rs only 
one adjustment required, and it sets the oper 
ating level There are no frequency adjustments 
because all timing is referenced to the crystal 
controlled time has* Ancillary benefits resulting 
from the application of these LSI CMOS devices 
is compact size, the printed circuii board is only 
3.6 2 0 inches. arid low power requirement, 

typically 40 mA at 12 5 VDC. The kit is easy to 


100 [SB February 1984 









build using the comprehensive instruction 
manual supplied, and easy to use, When driven 
with an audio signal beween 50 mV and 1,0 V, 
the model 2009 produces a 4 bit digital output 
code corresponding to the DTMF digit detected 
and valid code pulse. This output can be used 
to drive a parallel port of a microcomputer or ad 
drtional digital logic circuitry as required The 
price of a bare board with manual is $9.95; 
board, manual, filter and decoder chip, $44.95; 
complete kit, $99.95; and manual only, $5 00 
All prices include postage in USA, I Ohio 
residents add 5% sales tax,] 

For further information, contact Proham Elec 
tronics, Incorporated, 94520 Lakeland Blvd., 
Eastlake, Ohio 44094 
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shirt-pocket volt-ohmmeter 

The new Model 3525 DlGI-PROBE™ volt- 
ohmmeter, just introduced by Triplett, is said 
to be one of the smallest trouble-shooting, bat 
tery operated, digital instruments presently 
manufactured. Its shirt-pocket sue, internal 
overload protection, accuracy and auto-rang 
ing features make it appropriate for a myriad of 



lab, circuit design or in-field measurements on 
industrial, commercial, or consumer electron 
ic/electrical equipment. 

Only 6 3/8" long * 11/8" wide x 3/4" 
deep H62 > 28 x 20mm), the DIGLPROBE™ 
utilizes a large 5mm easy-reading 3 5 digit LCD 
display with a convenient '"Data Hold' feature 
to facilitate measurements in low ambient light 
or in confined areas h also enables the user to 
'hold'" the reading for later review An instant 
tone continuity test permits rapid testing of 
diodes, shorts and circuit continuity. Volts, 
ohms, and continuity are easily selected with a 
simple function switch AC and DC volts are 
selected by push-button with AC shown on the 
LCD display 

Auto-ranging on volts and ohms functions 


eliminates the need for range selection, provid¬ 
ing true "Touch and Test" capability The 
Model 3525 has thirteen ranges. Range setec 
tion in all functions is fully atuomatic. The 
ranges are: 0 500 VDC in four ranges; 0-500 
VAC in four ranges; 0-2.0 Megohms 12 9 Meg 
ohms in overrange) in four ranges, Auto-rang 
ing response time is 5 seconds maximum and 
accuracy is ± 0 75 percent of RDG + two 
digits on most ranges. Blinking-digit overrange 
indication and low battery visual indication are 
provided, internal overload protection is to 750 
VAC/DC in voltage ranges and 250 VAC/DC in 
ohms and continuity ranges. 

The DiGl-PROBE™ case is molded of high 
impact black thermoplastic with textured 
surface. The unit weighs only 2 12 ounces 
10.07 kg). 

Priced at $65,00, the DIGI-PROBE™ is fur 
nished with two 1-1/2 voll button type bat¬ 
teries, shin-pocket carrying case, attached 28 
inch test lead, comprehensive instruction 
manual and one-year warranty 

For information or a free demonstration of 
i he DIGI PROBE™ com act Tr iple tt Corpora¬ 
tion, One Triplett Drive, Bluffton, Ohio 45817 

Circle f3Q9 on Reader Service Card 


noise figure measurements 
application note 

HP's new application note AM 57 1, "Pnnci 
pies of RF and Microwave Noise Figure Meas¬ 
urement.'' is now available for all Those work¬ 
ing on device, component, sub-system and 
system noise figure. It replaces the long-popu¬ 
lar AN 57, ' Noise Figure Primer " 

The 40-page note serves as a comprehensive 
tutorial on noise figure, with detailed material 
on thermal and shot noise, concepts of noise 
figure, effective noise temperature, Y factor, 
etc. 

Plenty of useful information is provided on 
subtle measurement considerations including 
single sideband vs. double sideband, effects of 
local-oscillator noise, second stage effects and 
Corrections, hoi cold techniques, frequency 
conversation arid image considerations. 

An extensive glossary includes common 
symbols and detailed technical explanations of 
most terms. Also included is a bibliography of 
34 other noise figure related references. 

for a free copy of AM 57-1, contact Hew¬ 
lett Packard Company, 1820 Ernbarcadero 
Road, Palo Atlo. California 94303. 

Circle #307 on Render Service Card 


SAY YOU SAW IT 
IN 

HAM RADIO 


Tune in to all 
the action 
24 hours per day 
— without missing 
a word. 

“Action Monitor” 

is a voice operated switch that is a c inch to connect between any 
Hf/VHF/UHF receiver and a cassette records F very time a skj 
nal is received the Action Monitor automatically toms on the 
recorder so you have a permanent taped record ol what is be 
mg said hours a day Delay feature lets you yet both sides 
nt all conversations Great foa repeater logging scanners SWLs 
and more Ail electronic — no mechanical itfiays to laa Small 
compact unit fits almost anywhere Comes with cables 9 volt 
battery and mstiiictions AC adapter available add SB 95 

Only $39 95 

30 day money back guarantee 
Please add S? QG shippmg/handlmq 
Canadians 53 00 Wo G0D& 

Wise residents add 5% sales tax 

Send your or iter today 

J.C. Labs • P0 Box 183HR • Wales, Wl 53183 

(414) 547-7987 ^ i M 
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RATES Noncommercial ads 10$ per word; 
commercial ads 60$ per word both payable in 
advance. No cash discounts or agency commis¬ 
sions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available basis 
only. Repeat insertions of hamfest ads pay the 
non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typewritten or 
clearly printed (not all capitals) and must include 
full name and address. We reserve the right to 
reject unsuitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held respon¬ 
sible for claims made. Liability for correctness 
of material limited to corrected ad in next avail¬ 
able issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


QSLs & RUBBER STAMPS — Top Quality! Card Samples and 
Stamp info —50C — Ebbed Graphics 5R, Box 70. Westerville. 
Ohio 43081 


NEED TO CONTACT James Navarchi concerning Yaesu gear. 
C T Huth, 146 Schonhardl St.. Tiffin. OH 44883 

FASTRAK ' 2005 Active filter features 8-pole response and dc 
switching; make a CW filter with 80 hertz bandwidth; 3.6 x 3.0 
inch pcb and manual $9.95. Proham Electronics, Inc., 34620 
Lakeland Blvd., Eastlake, OH 44094. 

PROFESSIONAL QUALITY circuit boards at ham prices. Cat¬ 
alog $1.50 Dynaclad Industries. Box 296, Meadowlands, PA 
15347. 

KENWOOD TS-520, CW filter, extra VFO, service manual, 
ac/mobife power supply $419. Heath H W-12, power supply $65. 
EE-8 field telephones $22 each. I pay shipping. W8QX. (313) 
644-5042 

SUPER CQWW AND ARRL CONTEST PROGRAMS. TRS-80 
Model I, III, (IV in III mode) Completely machine language. Auto¬ 
matic identification of country and zone (CQ) from call letters. 
Dupe speed 12000+ contacts per second. Screen displays 
zones still needed (CQ), total points, zones, countries, etc. Auto¬ 
matic CW generator with 2 buffers. Log print program prepares 
logs and dupe sheets. Log preparation program for hand logs, 
Simitar features to above. QSL label program for both, CQ WPX 
now being written FREE fact sheet and sample printouts. K4SB, 
3496 Velma Drive, Powder Springs, GA 30073 

120' GUYED TOWER. Extremely strong $700 20' sections 
$ 150. Tim Colbert, 13609 Colony, Burton, Ohio 44021. 

VLF-LF preamps, coupler, Loran-C boards SASE. Burhans 
Electronics, 161 Grosvenor St , Athens, Ohio 45701. 

FASTRAK ' 2007interval timer uses digital logic to provide ac¬ 
curate timing without falsing; adjustable length; ideal for 10 min¬ 
ute id use, 3.6 x 1.5 inch pcb and manual $9.95. Proham Elec¬ 
tronics, Inc , 34620 Lakeland Blvd , Eastlake, OH 44094, 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery most cases. Daily 
Electronics. 14126 Willow Lane, Westminster, CA 92683. (714) 
894-1368 

RUBBER STAMPS: 3!ines $4.50 PPD.Sendcheckor MO to G.L. 
Pierce, 5521 Birkdale Way, San Diego, CA92117. SASE brings 
information 

RECLAIM SILVER from electronics scrap. Write RALTEC, 
25884F Highland Cleveland, OH 44143 


TRAVEL-PAK QSL KJT — Convedsposl cards, photos toQSLs 
Stamp brings circular. Samco, Box 203-c, Wynantskiil, New York 
12198. 


QSL the Best! Full color $20 for 200 As low as $7 Free catalog 
Rusprint, Box 7575, KansasCity, MO64116. Credit cardorder 
line 1-800-531-73 73 

SPRING CLEANING. All must go. Test equipment: H P scopes, 
meters. G.R bridges, Tektronix equip . lab standards, spectrum 
analyzers, many other items, antiques; parts: insulators, gears, 
fans, variacs, much more. Also electronics databooks, finest cur¬ 
rent materia), radio magazines, really cheap, test equipment 
manuals Send long SASE forgiantshackcieanout list. Joseph 
Cohen, 200 Woodside, Winthrop, MA 02152. 

COUNSELORS: Connecticut brother-sister camp Complete¬ 
ly equipped with ham radio station. Program includes electron¬ 
ics, k»t building, code and communications June 25- August 22 
Send resume: Lloyd Albin (N2DMQ) Ken-Mont and Ken-Wood 
Camps, 2 Spencer Place, Scarsdale, NY 10583. 

FOR SALE: Heathkit SB 104A with complete mods. Spare PA 
board Power supply, ext. VFO. Best offer. S Pavone, 
201-335-5732 


CHASSIS and cabinet kits. SASE K3IWK 

WANTED: Manual for Lavoie oscilloscope model LA-265A. 
Original or photocopy. State cost WE40,4257 Via Alta Drive, 
Mobile, Alabama 36609. 

SALE: Vanguard Labs signal generator 100 to 180 MHz. John¬ 
son CB lest set Checks power, modulation and receiver. Jeff V. 
Nielson, 610 South 200E, Monroe, Utah 84754. (801)527-4242 

CABLE CONVERTERS, decoders. Catalog $1 refundable. APS, 
POB 263 HR, Newport, R| 02840 

RECONDITIONED TEST EQUIPMENT $1 00 for catalog 
Walter, 2697 Nickel, San Pablo. CA 94806. 

RTTY-EXCLUSIVELY for the Amateur Teleprinter. One year 
$7.00. Beginners RTTY Handbook $8.00 includes journal index. 
P.O. Box RY, Cardiff, CA 92007 

FILTERS for Drake R-4C receiver FL-250, FL-500, FL-1500, new, 
each $55.00; HP-608FR late model signal generator, 10 MHz 
thru 455 MHz. 19" panel with blue/gray cabinet, $375.00; 
USM-140 oscilloscope, DC-25 MHz dual trace, triggered sweep 
$295.00, URM-26 signal generator 4 MHz thru 400 MHz, 
$185.00; J errold 900A sweep generator, 500 kHz thru 1200 MHz, 
$325.00, Tektronix L-30 spectrum analyzerplug-m 925 MHz thru 
10.5 GHz. $345.00. All excellent lab tested, add shipping, phone 
704-524-7519 Step Electronics Company, Highway441, Otto, 
NC 28763. 

IMRA International Mission Radio Assn helps missioners — 
equipment loaned; weekday net, 14.280 MHz. 2-3 PM Eastern. 
Br Frey, 1 Pryer Manor Rd., Larchmont, NY 10538. 

• 'HAMS FOR CHRIST.” Reach other Hams with a gospel tract 
sure to please. Clyde Stanfield, WA6HEG, 1570 N. Albright, 
Upland, CA 91786. 

QUICK-FIND Callsign log. Quickly know if and when you 
worked that call, and if you want to work it again! $2.00, full price, 
Quick-Find, 2 725-H Sandicrest, Cantonment, Florida 32533. 

ENGINEERING SOFTWARE: Free brochure SPP — Signal 
Processing Program. General purpose program analyzes linear 
and non-linear systems and circuits and their effects on user 
specified waveforms. Transient analysis, 512 point FFT & In¬ 
verse FFT. Laplace transfer function analysis and manipulation. 
Non-linear time domain manipulation. Works with ACNAP to pro¬ 
vide transient analysts for linear circuits, PLOTPRO to plot re¬ 


Foreign Subscription Agents 
for Ham Radio Magazine 


Ham Radio Austria 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
West Germany 

Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 416 
B-9218 Gent 
Belgium 

Ham Radio Canada 
Bo* 400, Goderich 
Ontario, Canada N7A 4C7 

Ham Radio Europe 
Bo* 2084 

S 194 02 Upplands Vasby 
Sweden 

Ham Radio France 
SM Electronic 
20 bis, Ave des Clarions 
F-89000 Auxerre 
France 

Ham Radio Germany 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
West Germany 


Ham Radio Holland 
Poslbus4f3 
NL 7800 Ar Emmen 
Holland 


Ham Radioltaly 
Via Pordenone 17 
1-20132 Milano 
Italy 


Ham Radio Switzerland 
Karin Ueber 
Postfach 2454 
D-7850 Loerrach 
West Germany 


Ham Radio UK 
P O Bo* 63, Harrow 
Middlesex HA3 6HS 
England 


Holland Radro 
143 Greenway 
Greenside, Johannesburg 
Republic ol South Africa 



suits. Too much to t ell, write for brochure. $59.95 ACNAP —Fast 
Electronic Circuit Analysis Program analyzes active & passive 
circuits up to 60 components and 21 nodes. Calculates Worst 
Case, Monte-Carlo, Sensitivities, Noise Equivalent Bandwidth, 
linear or log steps, disk file I/O, works with PLOTPRO and SPP. 
$49.95. PLOTPRO—Microsoft Basic program makes scientific 
graphs using any printer. Linear, semi-logarithmic, logarithmic 
plots, one or two Y axis. Plots multiple functions on same graph, 
forced scaling or autoscaled, grid lines and labeling. Vertical and 
Horizontal formats, $49.95. All programs available for 5.25/8" 
CP/M, IBM PC, VICTOR 9000, and TRS-80 Models I, III, IV. In¬ 
clude $3.00 each shipping & handling, California add 6%. BV 
Engineering, P.O. Box 3351, Riverside, CA 92519, (714) 
781-0252. 

TENNATEST — Antenna noise bridge — out-performs others, 
accurate, costs less, satisfaction guaranteed Send stamp for 
details, W8URR, 1025 Wildwood Road, Quincy, Ml 49082 

WANTED: Cash paid for used Speed Radar equipment. Write 
or call: Brian R. Esterman, P.O. Box 8141, Northfield, Illinois 
60093.(312} 251-8901. 

WANTED: Old RCA, Western Electric tubes. (713) 728-4343. 
Maury Corb, 11122 Atwell, Houston, Texas 77096 

WANTED: Early Hallicrafter'‘Skyriders" and "Super Skyriders” 
withsilver panels, also'‘SkyriderCommercial”,earlytransmit- 
fers such as HT-1, HT-2, HT-8, and other Hallicrafter gear, parts, 
accessories, manuals, Chuck Dachis, WD5EOG, The Hallicraft¬ 
er Collector, 4500 Russell Drive, Austin, Texas 78745. 

SELL: Kenwood Twins. E. Alline, NE5S, 773 Rosa, Metairie, LA 
70005. 

VERY in-ter-est-ing! Next 4 issues $2. Ham Trader '‘Yellow 
Sheets”, POB356, Wheaton, IL 60189. 

IBM-PC ASCII/BAUDOT/CW. SASE for details. E Alline, NE5S, 
773 Rosa, Metairie, LA 70005. 

ANNIE’S EASY. Analyze dipoles, slopers, verticals, inverted- 
vees and arrays; any orientation, position, phasing, weight or 
combination with Annie Antenna Analysis Software Include 
REAL GROUND (conductivity, dielectric constant). Superb hi¬ 
res plotting, Annie's incredibly friendly and with 100% machine 
language, she's FAST! For Appfeff + (48K or 64K) or lie, DOS3.3, 
$49.95 + $2.00 postage, NY add sales tax. Include full name and 
call. S.A.S.E. for info. Commercial, library, etc., call for quote 
(315)622-3641. Sonnet Software, Dept. HR, 4397 Luna Course, 
Liverpool, NY 10388. 

KEYBOARD and instruments cases. Send for free information. 
Bel-Tek, PO Box 125H, Beloit, Wl 53511. 

WANTED: ARRL VHF Manual, early edition. State condition and 
year of publication. Stanley Jaffin, WB3BGU, 800 Stonington 
Road, Silver Spring, Maryland 20902. Telephone 301 593-5959, 
evenings 

Coming Events 

ACTIVITIES 

“Places to go...’’ 

OHIO: The Cuyahoga Falls ARC'S 30th annual Electronic Equip¬ 
ment Auction and Hamfest, Sunday, February 26, North High 
School, Akron. 8 AM to 4 PM. Tickets $2.50 advance, $3.00 at 
door. Sellers may bring own tables or some available for $2.00, 
advance table reservations advised. Talkin on 87/27. For infor¬ 
mation; CFARC, P.O. Box 6, Cuyahoga Falls, OH 44222 or call 
K8JSL (216) 923-3830. 

INDIANA: The LaPorte Amateur Radio Club’s Winter Hamfest, 
Sunday, February 26, Civic Auditorium in LaPorte. Starts 7 AM 
Chicago time. Admission $2.50 per person 8 ft. long tables avail¬ 
able for $2.OOeach by reservation. Goodfood, coffee, etc. Talk 
in on 52 simplex. SASE for tables, tickets, or information to 
LPARC, P.O. Box 30, LaPorte, IN 46350. 


MICHIGAN: The 14th annual Livonia Amateur Radio Club’s 
Swap 'n Shop, Sunday, March 4, 8 AM to 4 PM, Churchill High 
School in Livonia. Plenty of tables, refreshments and free park¬ 
ing. Talk in on 144.75/5.35 and 52 simplex. For further informa¬ 
tion send large SASE to Neil Coffin, WA8GWL, Livonia ARC, 
P.O. Box 2111, Livonia, Ml 48151. 

OHIO: Cincinnati ARRL 84 State Convention and Flea Market, 
February 25 and 26. Registration $5. Flea market $4 per space 
both days. Forums, meetings, vendors, Wouff Hong, banquet. 
Hospitality suite Friday and Saturday nights. Write: Cincinnati 
ARRL ’84, POB 11300, Cincinnati, OH 45211 or call (513) 
825-8234. 

KENTUCKY : Glasgow Swapfest, Saturday, February 25, 8 AM 
CST til. . Glasgow Flea Market Building 2 miles south of Glas- 


102 


February 1984 





Get Your Best Deal... 
Then CALL US .. . TOLL FREE 


1 - 800 - 238-6168 

* 

l$ll^CM\Ainnn When you call, ta 

V jy ixtlM WLJLJLJ (Ask for MARSHA 


(In Tennessee, call 901-683-9125) 


After the sale, 
it’s the service 
that counts! 


|i A in When you call, talk to a Qualified Ham Operator! 

iM VVWUU (Ask for MARSHALL, KU40, or BILL, W4TNP) 

Tfoivi’l AUTHORIZED DEALER FOR: Kenwood, ICOM, WE 

J.WA | Drake, Ten-Tec, Santee, MFJ, Astron, AEA, Mirage, 

B&W, Hustler, Coshcraft, Larsen, Hy-Gain, and TRA HF f 
others.... PLUS CURRENT USED GEAR 

Memphis Amateur c "' 
Electronics, Inc. 

1465 Wells Station Rd„ Memphis, TN 38108 "central Time) 


_* -‘ ' l ‘ v T- 





tilt! 


90 * or«m y nway j i t iat ye (tea ma r**? f. free cot too tree park 
tng Admissions? per parson, no a charge* tof e*hibtlut3 Or*f 
frn# iftbte par exhibitor, extra tables available for S3 OOeach Tai* 
in on 148.34J94 ot I47 63f03 Fot inlormaiion WA4JZ0 131 
AdRirlandCl Glasgow, KY 43 1 4 i 

NEW JERSEY: Spnngtesi 84 sponsored by Ihe Shore Pothls 
ARC, Saturday M;uth 10from9AM iq- 1 PM, Atlaj-iTic Courtly 4-H 
Comer, Egg Harbor City, approx i b mileswrat nl Atlantic City 
L ar ge heaied. indoor selling space Covered tnUgflJ rng (weal her 
perrmltuigj Splits. $6 per spar e with owntable Buyur*, $2 50 
advance S3 00 day ofhamlesl Far information. SPARC P O 
Box 143 Absecon. NJ 08201 

PENNSYLVANtA The 1984 Lam a ,ha Hamfesl. Sunday. Feb 
ruaryiO Guernsey Sales Pa vi 11 ion U S Ril 30 and 896.. Lan 
easier 0800 lo 1G0Q, rleaier sejup 0600 Commercial (able* 
{m am haJ ij $ t 5 00 Nori-cpmmercid) (rear an no*) $6 00 General 
adm isston S3 00 Tnegating free wiin general admiet&KW ^ wealh 
erpernurhng) Talk men 146 61 and 147 01S SendresurvaliOhs 
to Ham test Commilleo P O Box 6083, Uncaslar, PA 1 7603 
Please make checks payable to St ROOM Inc 

MICHIGAN: The Cherry land Amainur RadmCluh t iirhannual 
Swap N Shop, February 11 . immaculalo ContiepUpn E^men 
(ary School gym. 2i8 Vine Street TraverseCily, 8 AM to 2 30 PM 
TabtesS3 00pachwnbselupal6 30 AM Admission $2 50 Talk 
m on 146 257 85 For delays SAS€ to Jerry Cermak K 8 YVU 
3905 Slusher Pd Traverse City Ml 49604 
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OPERATING EVENTS 

“Things to do../’ 

FEBRUARY 1 TO 1 2: NQRAC | Worth Okanagan Radio Amateur 
Clubj a ii be operahnq a special event station during Western 
Canada s largest Winter Car nival NOP AC wrRopsrale VE 7NOR 
from 21 00 Z lo 24 30 Z during Ihis time in the General portion 
ol each band abend 50 KC up Cell CQ Winter Carnival Award 
The award i e i available lo all Amateurs Wen Id wide wno contact 
3 Vernon areaslabonsoroneQSOwiibclubstaiion The award 
rs free du| $» 00 or 2 IRC s to cover postage would be 
appreciated 


Keep those valuable 
issues of Ham Radio 
like new. Prevent 
smears, tears and 
dog ears. Sind 'em 
together and enjoy 
lor years to come. 
You'll be happy you 
did! 


HAM RADIO BINDERS 

Beautiful buckram bound, 
rich brown material with gold 
embossing. These binders 
will really dress up your col¬ 
lection of Ham Radio, Year 
stickers included. 

DHR-BOL $6.95 ea. 

3 for $17.95 

Please add $2 00 tor shipping 
and handling 

HAM RADIO’S BOOKSTORE 

GREENVILLE, NH 03048 


ALL BAND TRAP 
VERTICAL ANTENNAS! 


FULL *'1is WAVE . A H Henan A-uiomalle £*i**thki v»nfr 
rfttrp Ni-O Trim 3 Maflert-AL L f #jf lucutgrllnn -Gr4vrtd 
or roar mount HI STRENGTH FIBERGL ASS TUBING 
OVER -ALL NO WOBBLY LUMP* TRAPS - NO U N - 
SlGHtLV CLAMPS needed - Sue 1 1/4 - on Hi* **y up - 
Trhidden *i»icie Ysti can mh n In ■ 1 It xa 

FOR APARTMENTS, MOBILE HOMES CONQOS n< 

jitter* mhJtnifm U*ci |fld ftMl *pB**#*ne* |r VAND- 

A TORYl Ifidphl 'T>Plv* In'^agnd! {Included I U*» 

OP wrtlwul PfldhBlH {uveBirtedl ;Ali ttig 1 * r onl mOuTiT - Ellfl) 

COMPLETELY pretuneo.no adjustments need- 

tbEVERI NO 1UNER NEEDED FOR MOST TRAINS- 
ClEVERSI Uif - RGBU P*edme tanfliM 2QOO Watt 
PER inpui (Kiwtr Sti Ip tied - PR t RAID IN USA Ait*mbi* i 
In IQ min utng onij *cp< i^dPiier WEATHER PROOF' 


No -AVTaO-tO-— 3 Band-- 2tYG 

Ns - AVT4G-TO -A Band--HI’9' 

Na . A VT 20-10’- 3 Bond — It A J 


Si 79 93 
*12093 
- V) 9 95 


SEND FULL PRICE FOR PP DEL IN USA (Canada m 
*10 Oo extra Top ppk 1 * a* dirkil Cuil^mi lor order uitny 
VISA. MASTER CARD op AMLR-EXP Pn l-JO'l- 

2T^.S333 9AM-&PM wackdaft We intn In 2-3 
da.j-8 Ak Anlennai UuH.nlfitt for I j+tt - (D d.i 
mpnij b«A trial Free Ihf 

\ WESTERN ELECTRONICS 

^ Dint AH* 2 . j fQT Kcirnu Mi 


Caddeu Cort Coup, 

FOI LTNEY, vt, 05761 *92 2*7 1856 

kVE L mi fo WWO COll S WY us 

COILS FOR HOUERJLT 

Satflitin Sefidfli SO Molnr IJRP Rng 
OSTOclTOpIS »0Q 

! ORP Tran»mj|cf>'25 WdirM.ii 

Aflfll Hiirwftxx* p 350 7 50 

lurid T<n 2 WAS *0Mrrlit■ \utmmm9* 

QST M.iy 5?S 

Mini brr'itoi Ri” >hvht 

Q$TSep 7fl(>2l 13^ 

20 MnitrH QirKl Ctjnx-mion I1(H e fit 
QSlApf TSpt? 

Ampldimt to' hW d > r,in^ e-nar 
QST Apt 79p 18 1380; 

H atfmtn k F i Her £10* AtJuvn \ {MU bnrHJ h 07 
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Complete Satellite T.V 
System with 8 Ft. 
Parabolic Antenna 


Item No. SATEC3D1 
Shipped motor freight collect 


What the system wilf do: 

Receives up to 60 channels of TV direct from 
satellites to your home receiver. Movies, spor- 
ting events cultural and religious programs, 
other TV stations and much more, 

What the system includes: 

t. 8 ft, parabolic antenna made of reflective 
metal bonded with fiberglass Weather resistant 
and virtually maintenance-free in 4 sections for 
compact shipment 

2. Polar mount complete with azimuth and eleva- 
tion adjustments for precise tracking. Available 
for earth or slab mounting 

3. Center feed LNA support with Polarmatic 
electronic feed and elbow wave guide. Enables 
polarity to be changed electronically without 
physically moving the LNA 

4. KLM Sky Eye V satellite receiver complete 
with dow neon verier Features single conversion 
circuitry and SAW fitter for outstanding recep¬ 
tion Single control for transponder selection, 
large signal strength meter and variable audio 
tuning from 5.5-7 5 MHz Built-in RF modulator 

5. Amplica low noise amplifier Rated at 120° K, 
uncooled Takes the weak signals reflected from 
the dish antenna and raises them to a level 
usable by the dow neon verier Uses GaAs FET 
transistors for maximum performance. Built-in 
lightning suppressor and weatherproof, cast 
aluminum housing 

Note: Small cables not included 
Fiberglass LNA cover sold separatly 


SHOWROOM: 3131 4TH AVE, SO. B'HAM AL 35233 


MAIL ORDERS: 2700 CRESTWOOD BLVD, B’HAM AL 35210 


l UM February 1984 


Tell 'em you saw it in HAIVt RADIO! 
























































$1200 

OFF! 


Complete TVRO System 
with 10 ft. Parabolic 
Antenna 


Ham No. SAT44311 
Shipped Motor Freight Collect 


What the system will do: 

Receives up to 60 satellite TV channels in¬ 
cluding movies 1 sporting events, news, other 
TV stations and much more! 


What the system includes: 

1. 10 ft. parabolic antenna made of reflective 
metal bonded with fiberglass Breaks down in¬ 
to 4 sections for compact shipment. 

2. Polar mount. Features azimuth and eleva* 
tion adjustments for precise tracking. Available 
with earth or slab mounts, 

3. LNA mount complete with rotor Enables 
LNA to be remotely positioned tor correct 
polarity Control console included Extension 
tubes extra, 

4. KLM Sky Eye V satellite receiver, Features 
the latest In single conversion electronics, 
large signal strength meter, video invert and 
variable audio tuning. Downconverter and 
built-in RF modulator included 

5. Amplica low noise amplifier Rated at 120 5 
K. uncooled. Uses GaAs FET transrstors for 
maximum performance. Cast aluminum, 
weatherproof housing. 

6. Scalar feed horn. Provides 0 5 dB more 
gain than conventional types Virtually 
eliminates system noise 

NOTE; LNA- tO’ downconverter cable included 
Other interconnecting cables between com¬ 
ponents sold separately 


NOTE: Prices good only while current supply lasts. Price subject 
to change without notice. Hurry, quantities are limited? 


IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST, MONDAY THRU FRIDAY 


More Details? CHECK - OFF Page 108 
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NEW PRODUCT ANNOUNCEMENT 


0 
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- 7-14-21-28 MHz \ 

THE NEWEST INNOVATIVE 
K ADDITIONS to the TET LINE 

FEATURE TRUE MULTI¬ 
ELEMENT PERFORMANCE 
ON 4, NOT 3, BUT 4 BANDS. 

HB443&X ALL ON A SINGLE BOOM 11 HB433D 

Air the usual TET multi-band beam features are included in these two models, including wide bandwidths, 
increased gain tow $WR. light weight and superior mechanical construction and easy assembly 

Preliminary Specific a tl on a: HB443DX HBj 

Active Elements 7 MHz 3 2 

14 MHz 4 3 

21 MHz 4 3 

28 MHz 4 3 

Gain 7/14/21/28 6,2/9 8/9 1/8 8 2 1/8. 

FB Ratio 9/14/21/28 12 4/218/22 3/20,1 0/211 

Power 1KW CW 1KW 

VSWR 7.0 - 7.1 2,0 1 or betler adjustable 

7,1 '7.25 2 0:1 or betler adjustable 

140- 145 21 0 -21 45 280-29.0 1.5:1 or better 

Boom Length m/ft. 6 0/19 8 4 0/1 

Max Element Length m/ft. 9 25/30.5 9 25/ 

Weight kg/lb 10 0/39 6 14.6/ 

Introductory Price 5450 00 5325 


HB433DX 


ANTENNA 


62/9 6/9 1/8 8 
12,4/21 S/22 3 20 1 
TKW CW 

2.0 l or betler adjustable 
2 0 l or betler adjustable 
1.5 1 or better 

6 0/19B 
9 25/30 5 
18 0/39 6 
5450 00 

DISTRIBUTED BY: 


2 1/8 2/8 7/7.3 
0/21 7/22 3 20 2 
TKW CW 


4 0/13 2 
9 25/30 5 
14.6/32.1 
5325 00 


AVAILABLE FROM YOUR LOCAL DEALER: 

OR: 


Sr L#N/1R 

electronics 


2775 Kurtz Street, Suite 11 
San Diego, CA 92110-3171 
Telephone (619) 299-9740 
Tele* 181747 

Louis N. Anciaux WB6NMT 
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JAN CRYSTALS 

p o boj eeoi/ 

FI Myer* f f 33Wfc SOW 
AiiFiujm^i I8T3J 93fc 239/ 


& o r* 


Base plates flat roof mounts hinged bast's hinged sections, etc are nol 
intended lo support the weigh! of a single man Accidents have occurred 
because individuals assume situations are safe when they are not J 

installation and dismantling of lowers rs dangerous and temporary 
guys of suHicienl strength and size should he used at ail limes 
when individuals are climbing lowers during all lypes of installs- ga \ 
tions or dismanilings Temporary guys should be used on the g \ 
first 10 f or tower during ©rochon or dismantling Dismantling / 
can even be more dangerous since ihe condition ol The g 
towor guys anchors, and or roof m many cases is g 

unknown g | 

The dismanlling ol some tower., should be done g ^ 

with the use ol a crane in order to minimize the g 

possibility of member guy wire anchor, or base g Ik 
failures Used lowers in many cases are not as g 
inexpensive as you may think it you are injured 

or killed V ^ l| " 

Get professional, experienced help and g X^ I rk 

read your Rohn catalog or other tower g X \ 

manufacturers catalogs before erecting W/ 

or dismantling any tower A consultation yrl^t JPjf 

with your local, prolessional tower g j \ 

erector would be very inexpensive f \ \ 

insurance A I I /zjr 


W Paid 
r for by 
the following: 


UNR Rohn 

.. 'Ml In¬ 
in/Hi WnV ei.iilt H tl *d 

p^nii IWtiqii fii 60 ) 
USA 
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General Cormnunicaiion 

Industry 

Marine VHF 

Scanners 

Amateur Bands 

CB Standard 

CB Special 

Microprocessor 


Call or Write 


01 


IN 


lINPJIRlvi 


mm 
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UFO 


CBVSTPli 
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Clean up the 

radio/computer 

clutter. 

For less than $250 
you can make your 
investment in yourself 
pay off! 

Chances are you have spent a couple 
thousand dollars on setting up a comput¬ 
er system that gets a lot of your work 
done. 8ut sometimes it gets to be work 
to work at it. 

I know that when I have to move two pro¬ 
gram manuals and a pencil holder to boot 
up the disk drive, it is work. When there 
is an unlabeled floppy (that 1 am going to 
identify some day) on top of the monitor 
and the business check- a j 
book is on top of the printer 11 Jl If 
. * and 1 will remember (I IVIH 
hope) before the next "re- _ 
port" comes through ... 
that is work. * ■ 

l found the annoyance of my own com¬ 
puter clutter was even worse than the 
extra work the disorder created And that 
is when I started looking for some practi¬ 
cal furniture for my computer set up. Since 
I had already spent a lot of money on the 
system itself, I was really dismayed when 
I found out how much it would cost to get 
a decent' looking desk or even a data table 
for my equipment. $400,,, $500.. even 
more for a sfeasy unit that looked like junk 1 
In fact, it was junk! And it took a long time 
for me to find something that was really 
worth the money * *, and more 

A lot of my working day is spent with my 
computer, and I will bet a lot of your time 
is too So I figure a "home tor my sys¬ 
tem—a housing that is good looking as 
well as efficient to work at—will pay oft 
two ways: 

1 Less work: an efficient and orderly lay¬ 
out will save me time and energy, 

2 Personal satisfaction: good quality fur 
nishmgs look better: they just plain feel 
better to work at loo. 

So imagine how good I felt to find the 
Micro-Office' Work Center! These are 
fine pieces of computer system furniture 
that make my office-at home as pleasant 
a place to work as it ought to be And the 














■ I i ■ ■ a (\jr i 

MICROOFFICE 


WORK CENTER 


biggest and best surprise is the low, low 
price for such good quality. 

Here is what you get—all for only $249.50 
plus shipping, 

• Mar-resistant work surface Your choice 
of oak or walnut grained. Work surface 
height is adiustable to your keyboard, your 
chair your height, 

* Two shelves plus work surface exten¬ 
der Both shelves tilt to lock in position so 
that monitor faces you—in a position that 
does away with screen glare squinting and 
neck craning forever Retainer bar keeps 
equipment from sliding off shelf Snapin 
bookends hold reference manuals and 
programs, 

* Strong, sturdy and steady All-steel 
welded frame construction is concealed 
by top-quality wood grain surfaces with 
finished trim Adjustable floor levelers in¬ 
cluded. The work center is really a piece 
of fine furniture 

• There is no risk in buying from us either. 
We will make a full refund of purchase 


price plus shipping charges if you return 
the workeenter within 30 days for any rea 
son whatsoever In addition, the product 
is warranted for any defects in materials 
or construction for a full year from date of 
purchase. This is a no-risk investment in 
your own productivity and work efficiency 
that will pay off for years to come—even 
if you do not yet have a microcomputer of 
your own 

» Take your choice for your own work 
center decor: 

Order 48-mch unit in walnut. #2KPG-945, 
or in oak. #2KPG-947. Only $249 50 for 
each unit plus $20,00 shipping charge, 
On orders tor two or more umts at the 
same time, shipping charge applies to only 
the first unit ordered. Shipment made 
UPS, so we cannot ship to post office 
box Illinois residents please add $15 per 
unit sales tax. Please allow 10 extra days 
for personal checks to clear. Sorry—at 
these special offer prices we cannot ship 
c.o d. or bill direct. 


CALL TOLL FREE TODAY WHILE SUPPLIES LAST: 1-800/323-8064, 
in Illinois call 1-312/251-5699. Or mail check with order lo: 

Micro-Mart Distributors 

Dept. HR • 1131 Central Street * Wilmette, IL 60091 


Mure Details? CHECK— OFF Page 108 
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Adversers \f 

check-off 


,.. for literature, in a hurry — we ll 
rush your name to the companies 
whose names you "check-off” 

Place yuui check mark m the spa ctybe tween 
name and number. Ert: H*m Radio 234 


Ace Comm 101 

AC I 103 

AfA 103 

ARP 104 

Alums _ 105 

Amateur Wholesale >06 

AflfiL . 10? 

Analog Tech 108 

Apfytod Inv. 109 

ATV Mag. — U0 
Audio Forum 111 

Birkm it 

Williamson 113 

00*1 ry ' 

Bauman 113 
S G Micro 114 
SHCo 115 
Bucfcmastei 11*6, 11? 

Butternut ' 

CaddnH Coil 118 

Calvert Elec 119 

Haywood 120 

Cpco 131 

CIA 4 

Owntionret 123 

Comm Coni' i?p It. 133 

CES 124 

Comm Spec 125 

CPU 126 

Crimp Trader 12? 

Cuslu.i.itr 12B 

OCC Data 129 

Dayton Hamvention ’ 

Digim.ix 130 

Doppler 131 
Elndfii 132 

Eoil rjnwi i 1.13 

Falcon 134 
Rasher 135 
Gift Elm 136 

Glnljkirru.iu 13? 

Hal Trrmix 138 

Harp Ma&ter tapes 139 

HR It 140 

Haiti Shark ’ 

Kamtronics. N V 142 

H 4 ntir T-k, 143 

Harvey 144 
Hi rath 4 

145, 146 14/. 148 

Henry Rnirlin 149 

Hewkrit Packard 30? 
leom 150 308 

Info Uit 151 

Int Union 152 


Jan Crystal 153 
J C L abt 154 
KbS 155 

KLM 156 

KarMiumcs 157 

Kenpiu _ 158 

Kenwood r 
Longs 159 

Lunar _ _ 150 

MFJ _ 161 

Macrottonic* 162 304 

Memphis Amateur 

Bb _ 163 

Mt^hnn 164 

Micro Mart * 

Mirutfe 165 

Missouri Radio 166 

Mti’ilry _ 16? 

Nampa 168 

Nemal 169 

Nuts t* Volts 170 

Oak Hill Academy " 
Orlando Ham canon * 


Outprinl 

171 

P C Elec 

_ 172 

Pro Search 

173 

Pruham 

306 

Rf Pioducis 

174 

Cillbook 

175 

H.llfi'.l'y 

1/6 

Random Access 

Sai tun 

305 

Slier wood 

302 


Shtire Brothi-i* 178 

Spaetronits * 

Speclrum Ini 179 

St# Hum Wt^t IBP 

Spi Ho Di&t 161 

TE System:. 182 

Ttrlr*x * 

Teiltoni 183 

Timakrt 184 

TranslBitfronnc 18 F i 

Tn Ex 166 

Tripled 309 

UINR Rohti 1 
Vanguard 19? 

Varan I8fl 

Vector Radio 189. 303 

Web&hri Comm 19l 

Westcom 192 

Western Elm 193 

WosHiuk 194 
V austi 195 


' PliMS*. 1 ront.n r llift aiiveifi'aM dm lly 

Limit 75 inquiries per request 


February 1984 

Please use before March 31 1984 


Tear off and mail in 

HAM RADIO MAGAZINE check off 
Greenville, N H 03048 0498 

NAME .. .... 


call 


Fliiiiiniiii-M'Xi'' - • • • » 


STREET 




i ■ fc ■ n ■■■ -i '■ li ■ ■ r fa'i ■ ivi rllllll Itl 


CITY 


■ j< B fi *«■«■**■ a--r-r ■ ■ ■ i i ■ r fc ■ iirTi a i rrli ■ ■ * +■■-# ■ a a ## k 


STATE 


p a ■■■ aai>«T s + *4# - +* I 


ZIP 



Elth Shipping Tetli 


□ U.S. CaHbook Si9,95 S3,05 $23.00 

a F oreign Cahbook 18,95 3.05 22,00 

Order both books at the same time for 
$41.95 Including shipping within the USA. 


Order from your tfeaJer or directly from the 
publisher. Foreign residents add $4.55 for 
shipping. Illinois residents add 5% sales tax. 


Keep your 1984 Callhooks up to date. 

The U.S. and Foreign Supplements contain 
all activity for the previous three months 
including new licenses. Available from the 
publisher in sets of three {March I, June 1, 
and September 1J lor only $12.00 per set 
including shipping. Specify U.S* or Foreign 
Supplements when ordering, Illinois res¬ 
idents add 5% sales tax. Offer void after 

November 1, 1984. . 

e* T75 

RADIO AMATEUR III I 

c all book iwc 

EfcLi Dept. F 

925 Sherwood Dr. f Box 24 7 
Lake Skiff, 1L 60044. USA 


Tel: (312) 234-GG00 


L-V-Cx 


1984 

CALLBOOKS 

1 


Known throughout the world for accuracy, 
the 1984 Cal I books are a better value than 
ever before. The U.5. Callbook contains over 
433,000 listings: the Foreign Cahbook has 
over 413,000. More than ]O0,0OQ changes 
have been made in each edition since last 
year. Special features Include call changes. 
Silent Keys, census of amateur licenses, 
world-wide QSL bureaus, international 
postal rates, prefixes of the world, and much 
more. You can't beat this value; Order your 
1984 CalibooM now. 


Order today! 

NEW 1984 

RADIO AMATEUR CALLBOOKS 
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Acquis Communications, Inc 43 
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radio 

Reader Service 

101 113 125 137 149 161 173 185 197 209 

102 114 126 138 150 162 174 186 198 210 

103 115 127 139 151 163 175 187 199 211 

104 116 128 140 152 164 176 188 200 212 

105 117 129 141 153 165 177 189 201 213 

106 118 130 142 154 166 178 190 202 214 

107 119 131 143 155 167 179 191 203 215 

108 120 132 144 156 168 180 192 204 216 

109 121 133 145 157 169 181 193 205 217 

110 122 134 146 158 170 182 194 206 218 

111 123 135 147 159 171 183 195 207 219 

112 124 136 148 160 172 184 196 208 220 


NAME _____ 

ADDRESS_ 

CITY_ 

Please use belore March 31, 1964 


For literature or more information, circle 
the appropriate number on this card, affix 
postage and send to us We'll hustle your 
name and address to the companies you're 
interested in 

221 233 245 257 269 281 293 305 317 329 341 

222 234 246 258 270 282 294 306 318 330 342 

223 235 247 259 271 283 295 307 319 331 343 

224 236 248 260 272 284 296 308 320 332 344 

225 237 249 261 273 285 297 309 321 333 345 

226 238 250 262 274 286 298 310 322 334 346 

227 239 251 263 275 287 299 311 323 335 347 

228 240 252 264 276 288 300 312 324 336 348 

229 241 253 265 277 289 301 313 325 337 349 

230 242 254 266 278 290 302 314 326 338 350 

231 243 255 267 279 291 303 315 327 339 

232 244 256 268 280 292 304 316 328 340 


Limit 15 inquiries per request 
__CALI_ 
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ACCURACY DigiMax PERFORMANCE 





ML MODELS HAVE I YEAR WARRANTY 
Optional factory installed rechargeable Uaiiery pack available 



MODEL 

PRICE 

FREQUENCY 

ftANOE 

ACCURACY OVEH 
TEMFEftATUAE 

REAP 
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SfHBttlVtTY TYP 
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01200 

129BS5 

10 Mi-1 2 GHi 

1583 50 MV 


FOR DEALER LOCATIONS 
Oft PHONE ORDERS 
J!) DO-854-1 >65 
S«5 Kramy Villa Hotti 
San Oivqo. tA 92123 
Calllomia Call 619-S69 65flZ 
Tp kr m « 6 9? 120 -DAT AM AX-103 


EXPORT AGENT MAGNUS 
3500 Devon Amue 
GMdflei IL 60fl®9 
at^TMOTO 

TiNi?- *263503 MAGNUSCGO 


AC 13 AC- ADAPTER SB 9S T-1200 fJNC-QASE 21 ANT £6 95 BAG 12 KM 95 SAC5 *29 05 


^ 130 




APPLIED INVENTION 
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The Model 335A will deliver 35 walls of 
power using the latest state-oMhe-an cir¬ 
cuitry The amplilier will operate SSB or 
FM and is compatible with 
most handheld trans- - 

ceivers, including the 
TR2400. TR25O0. IC-2AT. 

Yaesu Samee, and Ten- 
Tec. Only 300 mw inpul will 
deliver 5 watts out, 3 watts ATM 
in will deliver 35 watts out 
Maximum input drive level 
is 5 watts 


Our producis are backed by prompt fac¬ 
tory service and technical assistance To 
become familiar wilh our other tme pro- 
^ ducts in ihe amateur radio 

market, call or write for our 
I free pr(xli i ct and small pans 
cat a log. 


Model 335 A 
KM $69.95 

Wired & Tested $89.95 


P’JfJ iCommunication 
Concepts Inc. 

JMji N(wTh A* Aft- * Dtflon- Ohm *£4?0■ i,!S 15) 2^* 1 * M 


UP YOURERP 


For HT owners operating inside a vehicle ana wanting 
tncreased T'R range, RF PRODUCTS has the low cost 
soiuhon 

Remove your BNC antenna irom the Ht and mount on 
the RF PRODUCTS BNC magnet mount, install Ihe magnet 
mount on ihe root top and connect the BNC coax conned or 
The magnet mount (parr no 199-445) has 10 feel oi small 
(5/32 "J co-ax with BNC connector attached and is priced at 
Si5,95 (including shipping by UPS (o 48 States) 

TO ORDER - send SIS 9S money order or cashiers check only 

Fla. residents add 5° u tax, tor air UPS add Si SO 


inside a vehicle and wanting 


The RF PRODUCTS IVfagnel Mounts are one of Ihe tow magnetic antenna mounts available 
that can bo repaired should the co-ax cable be damaged The co-ax cable connector includes 
a shrink tubing strain relief lor long life ai ihe connector/cable flex point (an RF PRODUCTS 
exclusive on all cable assemblies) 

Eight other mode Is available with three each choice ol antenna connectors, co-ax types and 
Transceiver connectors (BNC, 1-1/8- TB, 5/16-24 & RG-122U, RG-58AAJ. mini 8X & BNC, 
PL-259, type N) m 


RFPRODUCTS 

P.O. Box 33. Rockledge. FL 32955, U.S.A. (305) 6310775 


CALL LONG DISTANCE ON YOUR HANDHELD 


More Details? CHECK-OFF Page 108 
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A fresh idea! 


*1 



Our new crop of tone equipment is the freshest thing growing in the encoder/decoder 
field today. All tones are instantly programmable by setting a dip switch; no counter 
is required. Frequency accuracy is astonishing ± .1 H/ over all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 

Our TS-32 encoder/decoder may be programmed For any of the 32 C I CSS tones. 
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus jj 
19 burst tones, 8 touch-tones, and 5 test tones. And, of course, there's no 
need to mention our one day delivery and one year warranty. 


Smrnm COMMUNICATIONS SPECIALISTS 

426 West Taft Avenue, Orange, California 92667 
(800) 854-0547/California; (714)998 3021 
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YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 • (213) 633-4007 
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 45011 • (513) 874-3100 


Y^g®y w 

The radio. 


The New Yaesu FT-726R Tribander is the world's first multiband, multimode Amateur transceiver capable of 
full duplex operation. Whether you're interested in OSCAR, moonbounce, or terrestrial repeaters, you owe 
yourself a look at this one-of-a-kind technological wonder! 


Multiband Capability 

F actory equipped for 2 merer operation, the FT-72BR is a three-band unit capable of operation on 10 meters. 6 meters, and or two segments of 
Ihe 70 cm band (430-440 or 440-450 MHz), using optional modules The appropnate repeater shift is automatically programmed for each 
module Other bands pending 


Advanced Microprocessor Control 

Powered by an S-Oi! Central Processing Unit the ten-channel memory of the FT-726R stores both frequency and mode wifh pushbutton transfer 
capability to either of two VFO registers The synthesized VFO tunes in 20 Hz steps on SSB CW with selectable steps on FM Scanning of the 
band or memories is provided 


Full Duple* Option 

The optional SU-726 module provides a second, parallel IF sirip, (hereby allowing full duplex crossband satellite work Either the transmit or 
receive frequency may be varied during transmission, lor quick zero-oeat on another siation or for (racking Doppler shift 


High Performance Features 

Borrowing heavily from Yaesu s HF transceiver experience, fhe FT-726R comes equipped with a speech processor, variable receiver bandwidth 
IF shift. alFmode squelch, receiver audio tone control, and an IF noise blanker When the optional XF-455MC CW filter is installed, CW Wide^ 
Narrow selection is provided Convemenl rear panel connections allow quick interface to your siation audio, linear amplifier, and control lines 


Leading the way into the space age of Ham communications, Yaesu s FT-726R is the first VHF/UHF base station 
built around modern-day requirements. If you re tired of piecing together converters, transmitter strips, and relays, 
ask your Authorized Yaesu Dealer for a demonstration of the exciting new FT-726R, the no that will expand vour DX 
horizons! 


Pnce And Specifications Subject To 
Change Without Nonce Or Obligalion 
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YAESU FT-726R TRIBANDER 

NEW GALAXIES OF PERFORMANCE ON VHF AND UHF 


FULL DUPLEX!! 


ATELLITES!! 


SCATTER!! 


EME!! 
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Scan the World. 
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Spec ijlealtom and prices are subject to change uttthoui nolicw or obligation. 


R-2000 FEATURES: 


* Ten memories store frequency, band, 
and mode data. 

Complete information on frequency, band, 
and mode is stored in memory, assuring 
maximum east' of operation. Each mem¬ 
ory may be tuned as a VFQ. Original 
memory frequency may be recalled. 
AUTO. M switch for automatic storage of 
current operating data, or, when off, selec¬ 
tive storage of data using M, IN switch. 


• Lithium battery memory back-up, 

(Eat- 5 yr. life.) 

* Programmable memory scan. 

Scans all memories, or may he pro 
grammed to scan specific memories. 

HOLD switch interrupts scanning. Fre¬ 
quency, band, and mode are automatically 
selected in accordance with the memory 
channel being scanned. The scanning 
time is approximately 2 seconds 
per channel. 

• Programmable band scan. 

Scans automatically within the pro¬ 
grammed bandwidth. Memory channels 9 
and 0 establish upper and lower scan 
limits. HOLD switch Interrupts scanning. 
Frequency may be adjusted, using the 
tuning control, during scan HOLD 

* Fluorescent tube digital display 
(100-Hz resolution), 

Built-In 7 digit fluorescent tube digital 
display indicates frequency or time, plus 
memory c hannel number. DIM switch pro¬ 
vided. The display may be switched lo 
indicate CLOCK -2, FREQUENCY. CLOCK 1. 
and timer ON or OFF bv the front panel 
FUNCTION switch. 


* Dual 24-hour quartz clocks, with timer. 


■ Three built-in IF filters with NARROW/ 
WIDE selector switch, (CW filter opt.) 

6 kHz wide or 2.7 kHz narrow on AM, 

2 7-kHz automatic on SSB. 2.7 kHz wide 


KENWOOD 

pacesetter if j amareur radio 


The R-2000 is an Innovative all-mode 
SSB, CW, AM, FM receiver tbat covers 
150 kHz -30 MHz, with an optional VC-10 
VHF converter unit to provide coverage 
of the 11&-174 MHz frequency range. New 
microprocessor controlled operating 
features and an “UP" conversion PLL cir¬ 
cuit assure maximum flexibility and ease 
of operation to enhance the excitement 
of listening to stations around the world. 


• Covers 150 kHz-~30 MHz in 30 bands. 

Uses Innovative UP-etmversion digitally 
controlled PLL circuit, UP/DOWN band 
switches (1 MHz step). VFCTs continuously 
tuneable across the band and from band 
to band. 


• Optional 118-174 MHz coverage. 

Through use of innovative microprocessor 
technology, frequency, band, and mode 
data of stations in the 118 174 Ml b, range 
may be tuned, displayed (Full frequency* 
ie., 146,000,0), stored in memory, 
recalled, and scanned, using the R-2000 
trout panel controls and frequency dis¬ 
play. allowing maximum convenience and 
ease of operation. 

The optional VC 10 VHF converter unit 
may be easily Installed on ihc rear panel 
of the R-2000. 


• All mode: USB, LSB, CW, AM, FM. 

Provides expanded flexibility In receiving 
various signal types. Front panel mode 
selector keys, with LED Indicators. 

• Digital VFO’s for best stability, 

50 Hz step, switchable to 500-Hz or 5-kHz. 
F. LOCK switch provided 


More Information on I he R-2000 is 
available from all authorized dealers of 
Trio Kenwood Communications 
1111 West Walnut Street 
Compton. California 90220. 


on CW, or, with optional YG-455C filler 
installed. 500 Hz narrow. 15-kHz auto¬ 
matic on FM. 


* Squelch circuit, all mode, built-in, with 
BUSY indicator. 


* Noise blanker built-in. 


* Large front mounted speaker. 

* Tone control. 


» RF step attenuator, (0-10-20-30 dfi.) 

Four step attenuator, plus antenna fuse. 

* AGC switch, (Slow-Fast,) 


• “S" meter, with SINPO "S" scale. 


* 100/120/220/240 VAC, or 13-8 VDC 
operation (with opt DCK 1 cable kit). 

9- 

Other features. 


* RECORD output jack, 

* Audible “beeper" (through speaker), 

* Carrying handle. 

* Headphone jack, 

* External speaker jack. 


Optional accessories: 

» VC4Q 118 174 MHz converter 

* HS-4. HS-5, HS 6, HS-7 headphones. 

* DCK-1 DC cable kit. 

* YG-455C 500 Hz CW filter. 

* HC-10 World digital quartz clock. 

* AL-2 Surge Shunt 


I Agio « 


SSB, CW, AM, FM, digital VFO’s, 10 memories, band 
and memory scan, optional 118-174 MHz coverage.. 























































